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' PURPOSE OF THIS REPORT 


The minerals that enter welding-rod coatings and fluxes are the main 
subject of this report, Few mineral producers know just what minerals and 
wnat grades and quantitics of minerals are required by the welding trade, 
and it is for their information that this report has becn prepared, The 
various methods of welding are Ciscussed extensively enough to inform this 
type of audience, Specialists in welding probably will find little on 
welding that is of value to them, but they may learn something more about 
the minerals or mineral products that they use, The authors did not find 
it easy to nrenare this publication, and any needed corrections will be 
welcomed. 


Regarding weld ing research, renee points out that while the process 
of welding is simple in operation, the phenomena attending its use are 
extremely complicated, and the efficient and safe use of welding requires 
an understanding thereof, Although the fluxes and the coatings used have 
solved many problems, many other problems require the joint effort of the 
whole industry; therefore, it is hoped that this report will be found of 
practical value, 


In its annual review of welding, the magazine Steel (January 1, 1940) 
says that better metallurgical and manufacturing control has improved'a 
wide variety of fastening devices, The increasing use of varicus types of 
coated metals requires development of welding techniques and materials for 
efficient welded structures. 


Welding equipment and an experienced welder are necessary at any 
sizable mining and metallurgical operation, placering of any types deep 
mining, ore-dressing, and smelting, especially if the property is somewhat 
isolated. Broken machinery parts may be repaired quickly, strongly, and 
cheaply instead of having to wait for sparcs or new pieces, Any mine with 
a daily ore output of 100 tons can afford a welding outfit and omploy a 
mechanic with welding knowledge, Bottled gases or suitable electric cur 
rent iS generally available for welding. 


Coated electrodes are used os electric welding and bare rods with 
fluxes in gas welding. Blue gogzles always are worn by welders, The lenses 
protect the eyes from harmful rays and fron flying sparks. Many welders 
wear other protective clothing inclucing gloves and helmets with inserted 
Windows, Weiding is done in normal, overhcad, and vertical positions, and . 
suall jobs can be done in two or four~sided booths or ecreens or on a table, 


During the symposium on the welding of iron and steel held by the Iron 
and Steel Institute, London, in 1935, and mentioned later, the Director of 
Naval Construction said: 


Jenks, G F., Welding Research, Particularly Industrial Research?’ 
Soc. Test, Mat, Bull., December 1939, ppe 23-25. 
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The past few years have seen the cutput of a mass of ine 
formation on all aspects of welding, It is, in fact, difficult 
to keep pace with all the literature which is being published, 
and it is still more difficult to extract wnat is valuable in- 
formation, 
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Bliss, sales engineer, Foote Mineral Co,, and by Paul Tyler, chicf engineer 
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WHAT IS WELDING? 


- The reviewer of a new book on welding in The Engineer, London, for 
November 24, 1939, stated that the art of welding is as old as the art of 
the blacksmith, but it really goes back to early in the 19th century, The 
American Welding Society defines welding as: 


The localized intimate union of metal parts in the plastic 
or plastic and molten states with the application of mechanical 
pressure or blows (as by a hydraulic press or steam hammor), and 
in the molten state without the application of mechanical pres= 
sure or blows (as by hand welding). 


Coated electrodes or filler rods and fluxes are used in the second 
method, all melted by electricity or by oxy-acetylene or oxy—hydrogen jets, 
These are fusion welding - are or torch, The proper selection of welding 
rods is important, 


Apparently, judging by advertisements in telephone tooks, most veldirg 
firms are prepared to do either electric or gas welding, 
Electric Welding 


PR aa cian > 


In arc welding, according to the Procedure Handbook of Arc Welding! , 
the pieces of metal to be welded are brought to the proper welding temvera 
ture at point of contact by the heat liberated at the arc terminals and in 
the arc stream, so that tne matals are completely fused into each other, 
forming a single homogeneous mass after it solidifies. A small pool of meta 
is formed, and additional metal required is obtained from the electrode, if 


5/ Lincoln Blectric Co., Procedure Handoook of Arc Welding ~ Design and 


Practices 5th ede, 1938, pp/ b=7, 21-22, 
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Figure 1.—Electric-arc welding. A, Welding with bare electrode; B, welding with shielded electrode. 
Metals Handbook, 1939.) 


Figure 2.-Gas welding with oxy- acetylene. (Metals Handbook, 1939.) 
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ametollic electrode is used, or by a’filler rod, if either a metallic or 
carbon electrode is used. Figure 1, A and 5, shows, respectively, welding 
by the ordinary electric arc and by the shielded arc, 


An electric arc is nothing more than a sustained spark between two 
terminals or electrodes, In arc welding the arc is formed between the work 
to be welded and an electrode held in a suitable holder, The instant the 
arc is formed, the temperature of the work at the De of welding and the 
welding electrode jumps from normal to about 6,500 


In the ordinary arc, the molten globules that pass from the electrode 
to the work are exposed to the surrounding atmosphere, which is chiefly 
oxygen and nitrogen, Tne molten base metal also is exposed to these gases 
and they form oxides and nitrides in the weld metal, If during the fusion 
process the metal is completely protected from contact with the atmosphere, 
the injurious chemical combination cannot take place, This can be achieved 
by shielding the arc completely. In manval welding, this is done by using 
special electrodes that are heevily coated. The coating is of such composi- 
tion that in the heat of the arc it gives off larze quantities of gae, 
which envelons and completely shields the arc from the surrounding atmos- 
phere, The coating is consumed at a slower rate than the rate of deposition 
of the electrode metal: as a resuit, the coating extends beyond the metal 
case of the electrode and directs and concertrates the crc stream, (See 
fig. 1, Be) Welds made with a-shielded arc are stronger and nore ductile 
tnan ordinary welds, 


In automatic welding with. the shielded carbon arc, a substance knowm 
és €n autogenizer is added as paste, fibrous cord, or power, Sometimes 
the paste and fibrous forms are used together, 


Gas Welding 


In gas welding, according to Metals Handbook, 1939"! , the heat is 
supplied by the combustion of a fuel gas with atmospheric or pure oxygene 
These are mixed in a torch and regulated to produce an impinging flame, ‘The 
gases most commonly used are oxyzen and acetylene (sce fig. 2), although 
hydrogen and other combustible gases are ‘uscd to some extent. 


As a rule, in fusion welding with oxy~acetylene, a filler metal is 
added in the form of welding rod to form tne welded joint. As a means of 
floating out impurities or aiding in obtaining a satisfactory bond, flux 
is employed in welding some metals, such as cast iron, certain alloy steels, 
and the nonferrous metals, (See fige 3.) 


Solder ing 


Soldering is mentioned in this circular, It closely approximates 
fusion welding, although some confusion exists regarding the terms, The 
Soldering Committee of the German. Association for the Science of Metals de- 
fines it as followss 
Anerican Society for 
PP. 220=259, . 
ble a5 a 
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Soldering or brazing is the joining or building up of 
heated metals and alloys, which stay in the solid state, by 
means of a molten junction medium, 


In soldering, some of the solder enters the base material, 
but the strength of the joint is merely that of the soldering 
metal. 


In fusion welding, the base material and the filler 
material, from coated rods or from bare filler rods with 
fluxes, all melt and fuse with one another, 


There is "soft soldering" such as when only the solder between the 
metal parts to be joined is heated and the metal parts are not; and _ 
"hard soldering," as when the metal parts to be Jogned are heated and the 
solder is melted, as in silver soldering, Barberl/(Kester Solder Co., 
Chicago) defines a soldering flux as some agent that promotes or accelerate 
the wetting of a metal by molten solder, Soldering involves an alloy actic: 
between bare metals, and it is tne function of the flux to insure a complet 
metallic contact, Following is a classification of fluxes for soft solder- 
ing: 


1. The salt type, such as the chloride of zinc, ammonia, 
calcium, magnesium, and aluminum, Solutions of one or more 
of these salts are popularly Imown as acids. 


2. Tho carboxylic acid type, such as stearic, oleic, 
palmitic, benzoic, tartaric, furoic, phthalic, and similar 
organic acids; these are often popularly classified as waxes. 


3, The weak organic base type, such as aniline, urea, 
ethylene diamine, ecotvamntes and certain other amines and 
amides, — 


Le Rosin. 
Barber concludes that: 


| The theory of flux action which best fits the facts is 
that the fluxing agent, depending on its activity, first pene- 
_ trates the oxide film and attacks the raw metal, liberating 
small amounts of hydrogen or reducing vapors which prevent 
further oxidation as long as oxidizing agents are not present 
in the flux itself: this attack, in conjunction with the re- 
ducing agent, serves further to loosen the remaining oxide film 
until, being wetted by the flux, it is finally coagulated and 
floated off into the main body of the flux. It is unlikely 
that the flux dissolves much of the oxide: it is more probable 
| that the flux wets, suspends, and coagulates the oxide loosened . 
by a penetrating and reducing action, 
7 Barber, Clifford L., Soft Solder Fluxes - Practice and Theory: Ind, 
oe Chem., vol. 29, ae 19375 PPe 1114-1117. 
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Zinc is commonly soldered, German Patent 676,495 (1939) covers a 
suitable flux consisting of 65 percent ammonium chloride (sal ammoniac), 
25 percent zinc chloride, 4 percent sodium chloride, and 3 percent each 
lithiun chloride and potassium fluoride, . ) , 


“RODS OR ELECTRODES AND COATINGS 
Electrodes 


Electrodes are available for all types of welding, ‘ae viline da Pesent 
metals, (See fige 3.) They may be either of metal or carbon, depending 
on the job, In manual welding, the metallic electrode generally is used, 
They range in size from 1/16 to 3/8 inch in diameter and 14 to 18 inches 
in length, The proper size also depends on the class of work to de done. 
"Washed electrodes" are coated lightly with an arc-stabilizing chemical 
such as lime, "Semicoated electrodes" have a coating which generally 
is applied by dipping and which constitutes 1 to 2 percent of the total 
weight of the electrode. Such a coating stabilizes the are anc may partly 
control oxidation of the molten metal, as it is deposited by forming a 
thin film of slag over the surface of the bead, "Heavily coated shielded- 
arc-type electrodes" utilize all the benefits of chemical coatings. These 
may constitute a tenth of more of the total weight of the eclectrodo, and 
they control the are characteristics and the physical and chenical properties 
of the deposited metal. "Carbon electrodes" for manual weldiag and cutting 
are made in sizes 5/32 to 1 inch in diameter and 12 inches in length, [For 
automatic welding with the shielded arc, the electrodes are 3/16 to 1/2 
inch size, Carbon-arc welding differs considerably from metallicearc weld~ 
ing in that the heat is used only to melt or fuse the base metal, Filler 
metal is not commonly used, 


Electrodes are held by a light spring clamp or other device provided 
with a handle for the welder and through which the power wire passes, 


Minerals used as stabilizers include titanium oxide (this enables a 
longer arc to be maintained), iron oxides, manganese oxide, lime, sodium 
and potassium minerals or compounds, and thorium oxide, They lessen wan-~ 
dering of the arc at the tip of the electrode, The stability of an arc of 
given length is the ratio of the distance tne are can be lengthened before 
being extinguished to the given are length, Stability often includes 
smoothness and minimum sputter, Voltage and other factors affect arc 
stability, Steel deoxidized with aluminum is bad for a steady arc, Alkali 
compounds, especially those containing sodium and potassium, have a marked 
stabilizing effect on the arc, but the former accelerates and the latter 
retards the flow of metal, Calcium compounds steady the arc, as does iron 
oxide, Iron silicates vary in effect, 


Coatings 


) Mathias®/ (Research Laboratories, Westinghouse Electric & Manufacturing 
Co., East Pittsburch) concludes that? 
€/ Mathias, D. L., Fluxes = Their Function in Metallic Arc Welding: 
Prints, vole 9, December 1936, ppe 1-12. 
7648 a 
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" The subject of electrode fluxes [or coatings] is extremely 
_ complex and involves a knowledge of motallurgy, chemistry, cera- 
». mics, and circuit charactcristicse — 


Flux compositions are usually ‘ised with senevaaeehian 
secrecy, Fundamentally, they’consist of acid, basic and/or . 
neutral slag~forming materials, arc stabilizers, de-oxidizers 
and/or alloying materials, organic material if desired, and a 
solution of soluble silicate for a binder, No sharp distinc~ 
tion can be dravm as to the function of any single ingredient 

of a flux, for each material directly or indirectly influences 
“one or more of the functions of the composite flux, Silica, 
manganese dioxide, iron oxide, amphioole, feldspar, and titanium 
oxide or rutile may be considered as slageforming materials, 
while ferromanganese, ferrosilicon, and silicomanganese usually 
‘function in-a dual capacity as deoxidizer and for alloying.addi~ 
tions, Sodium silicate is almost universally used as earns 


Coatings are really fluxes or reaction substances added to the outside 
of rods or electrodes to stabilize and protect the are and to provide a met: 
od Of depositing Pluxes on the welds and forh slag whteh is ensior than din- 
ping bare rods into a container of flux and thus carry it to the point of 
welding, Coatings affect the ease with which the arc may be maintained and 
the character of the deposited metal, They modify the rate of fusion and 
depth of penetration, Also, certain treatment before application of: the 
coating material facilitates adhesion of the coating and improves Zee 
effects (to cite a patent). 


Coatings are said to take 1,2 kilowatt-hours per pound of metal de- 
posited compared with 0,86 kilowatt~hour for bare rods, 


Quantity of Rods and Coatings Made 


Of the 28,500 tons of welding rod sold in 1934, about 15,000 tons were 
coated wire that required 2,000 tons of coating materials, according to Blis 
(Foote Minera] Co), cited later, | 


Arcrods Corporation, which has plants at Beariows, Point, Mde, and at 
Cuyahoga Heights, Ohio, and makes the General Electric electrode and whose 
coating formulas are kept secret, through F, Pruyn, dr., assistant vice- 


_. president, gave the Bureau of Mines the following information’ © 


During the year 1939 there were approximately 120,000,000 
-. pounds. of heavy-coated electrodes sold by about 20 concernse 
They sold also substantial quantities of light-coated electrodes, 
which I will presume to neglect from the aaa Ae 
point of view. 


On the average, it might be estimated that the heavy=coated 
electrode. has ‘a mineral coating of about 15 percent of its total 
weight, and that due to manufacturing wastes and drying losses, 

. the mineral requirements are somewhat in excess of 20 percents. : 


764g a Poe 


Google 


Te Ce fiel. 


There is a number of basically different types of coatings 
made by each manufacturer, and there is a substantial variation 
between these basic types. Coating ingredients of major impor- 
me are rutile, titaniwa dioxide, cellulose flock, ferromangan~ 

se, asbestos, iron oxide, sodium-silicate solution, feldspar, 
ieee: silica, calcium carbonate, fluorspar, clays. 


Gas-welding wire, are-welding wire of low carbon content, seeciay 
ennealed low-carbon electric-welding wire supplied in coils, a standard 
high carbon grade and a special high-carbon grade electric-welding wire, 
and a special high-manganese steel electrode are made by John A, Roebling's 
Sons Co, All are either normally uncoated or have a light coating. The 
other rods are packed in standard lengths, each package holding 50 pounds, 


Manufacture of Coated Rods 


The matting of coated rods has not received much publicity. <A well- 
known maker of electrodes stated recently (letter to the authors, December 
1939) that 


The information on our coated rods which we send out con- 
cerns what the rods will do and not wnat the coating is, This, 
I think. you will find, is a secret with all manufacturers, 


(This last statement is true, although some will give the ingredients 
but not the quantities, but the patents issued reveal these to some extent, ) 


The invention of United States Patent 1,936,693 (1933), issued to 
Richard Stresau and assigned to A, 0. Smith Gorporation, resides in mixing 
@ lubricant material such as kaolin (9,4 percent by weight) or silica flour 
(4,7 percent by weight) with the other ingredients = wood flour, 15.3 percent 
by weight, and sodium silicate of 42° B, (70.6 percent) - whereby the ap— 
plication of the covering to the rod is greatly facilitated and a weldrod 
having improved welding characteristics is produced. The method of applying 
the mixture to the rod is show and consists of a pair of rollers, which © 
feed the rod through a chamber in which the mixture is held under pressure, 
and a nozzle, throvgn which the rod and coating thereon are discnarged, 
This operation is continuous, Then the rods are baked or dried suitably. 


United States Patent 1,936,349 (Novembor 21, 1933, Alfred C, Castle, 
assignor to A. Me Castle Co.) covers a process for coating rods with 
trisodium phosphate, powdered magnesia, calcium carbonate, zine oxide (this 
may be omitted), and common borax or borax glass by placing the rods in a 
tumbling mill and allowing the pulped and heated (130° to 140° F,) mix to 
be impressed upon the rods, Two heavy rods or bars also are placed in the 
mill to assist in this operation, 


Under United States Patent 1,940,573 (December 19, 1933, J. B. Austin, 
assignor to Una Welding Inc.) eee sions are first formed 4n the surface 
of metal rods of any composition, ferrous or nonferrous, and the fluxing 
material and binder, in the form of a vaste, is preferably applied during 
the operation of drawing to final size, 
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By means of what appears to be an intricate machine, C, J, Kotchi 
(U. S. Patent 1,976,026, Octoder 4, 1934, ascignor Una Welding Inc.) © 
forms cavities or recesses in the roa. passes the rod through the flux, 
and then scrape s orf the surplus flux, 


Investigations on Electrodes and Coatings 


Bliss, = Bliss2/ (Foote Mineral Oo.) has thoroughly investigated 
welding-rod coverings or coatings, the materials used, their physical 
effects upon the finisned rod, and vossible remedies for some of the dif 
ficulties experienced in epplying the coating to tho rod, Ho says thet 
in electric arc welding thre metal clectrode is repidly gaining favor, and 
the advantages to be obenined by the use of coated rods have long been 
recogn: zed, Probably tae greatest use for welding lies in the field of 
structural steel, which means that coated rod or wire will of necessity 
be in increasing demand, Other excerpts from Bliss's paper follow: 


The general practicd has been to select electrodes whose 
composition is the same as the base metal to be welded, and 
while this is a good rule to follow in many cases, there are 
important factors to consi ider, in electric are welding in parti~ 
cular, which indicate that a divergence from the rule would be 
desirable, 


(For instance, there are losses of carbon, manganese, nitrogen, and 
other elements in the rods by volatilization or by slagging, and to obtain 
a wold of similar composition as the base metal, these losses must be con- 
pensated.) 


There are many methods employed to prevent volatilization 
losses, but the most popular is the application of-various cover- 
ings to the rod, as in that case other advantages are also ob- 
tained, The compositions of the coatings are as numerous as the 
number of tynes of welding rods on the market, but in general they 
are usually composed of a binder, a ferro-alloy, a flux, an arc 
stabilizer, and occasionally a fibrous material such as asbestos 
(although it is fast losing favor to cotton fiber or some other 
cellulose material), added to produce a lighter slag and reinforce 
the coating. The character and proportions of these materials 
vary with the purpose for which the rod is intended and with each 
individual's convictions. | 


The usual methods of producing heavily coated rods are by 
dipping, extrusion, or some modification of extrusion, 


(Coatings are made up in the form of a fairly viscous suspension of 
metallics or nonmetallics,. The rods are dipped therein, drained, redipzed, 
and the process repeated until the coatirg is the desired thickness, The 
formation of bubbles (gassing) from carbides is trowblesome: so are the 
peeling and cracking of the coating; but tests on particle size and reacticns 
of oe by] ferro~manganese have resulted in the use of a non-gassing 
gerade. | 
Bliss, Le Ge, Welding Rod Coatings: Welding, vole 5, May and June 195+, 
pp. 204-206, 202, 2he-043, 255, 
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Sputtering in welding is a problem for the manufacturer 
of the rod, Even when the rod is apparently of uniform coat- 
ing, sputtering will sometimes occur. Such a tendency may be 
diminished appreciably by the addition of titanium compounds to 
the coating formula, , —_ 


Titanalba, a pure white titanium dioxide, rutile, containing 
about 94 percent Ti0so, cerium rare-earth hydrates, and ferro~ 
titanium all have been used to some extent as are stabilizers, 


(A little fluorspar, calcium fluoride, has been used with titanalba, 
but the fluorine liberated is irritating an@ dangerous to the operator.) | 


Although there are a few coated rods that feature a nonslag 
deposit and at the same time give welds of greater tensile | 
strength than those which have a protective sleg, it is still 
generally assumed that a slag has several definite functions, 
important among which are protection from formation of oxides 
and nitrides, and formation of a vehicle for the removal of 
detrimental impurities, 


(Titanium componnds, amphibole or asbestoslike mineral, cotton or 
osher cellulosic material, and manganese dioxide are widely used in coatings. ) 


(Bliss also gives bricfs of 51 selected patents on welding rods, 
coatings, and fluxes in the Unitod States and in some forcign countrics 
during a period of 6 years.) 


Figure 4, A and B, is from the Official Gazette of the United States 
Patent Office and reveals how weldrod patents are shown. 


Notvest. — Although we are not directly concerned in this report with 
the metallurgical characteristics of to) for arc~welding electrodes, 
Notvest*s lengthy investigation and yaver shows that the requirements 
for wire for this purpose are entirely different from all other wire re~ 
quirements because of superheating of the metal and its quick freezing when 
utilized as arc=welding electrodes, Notvest explains and illustrates what 
goes on during welding by means of oscillograms and by photographs at the 
point of the electrode. The former reveal tho number of short circuits or 
drops of molten metal that have passed across the arc gap, analyses of tho 
electrodes, voltages, and amperages, The chomical reactions that take place 
are given, as well as the details of 22 experiments on different sizes and 
analyses of wire at various temperatures with the current resistance, Not- 
vest states that most of the gas-shielded electrodes sold in the United 
States Mare copies or slight improvements wpon United States Patent No. 
1,301,331 1919 , issued to R, S, Smith, and United States Patent No. 
1,754,063 1930° issued to Richard Stresan, ***," 


10/ Notvest, R., Steel for Arc~-welding Electrodes: Wire and Wire Products, 


vol, 11, 1936, pp. 527-551. (For this contribution, Notvest recetved 


oe _ Association medal in 1936, Scveral patents havo boon grantod 
im, 
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wee Titanium Minerals . 

In discussing the use of titanium minerals in welding rods, Blis i 
states that titanium dioxide, wp to 56 nercent of the coating, is used, but 
the 98-percent grace is expensive and a cheaper substitute has been desired 
Rutile of 95.7 percent Ti05 content, now used almost exclusively, has merit 
ed considerable attention. The phosphorus and sulfur content should not 
exceed 0,03 percent and 0,01 percent, re spectively, and tho mineral fine- 
ness 90 percent through 325 mesh, However, a balanced particle size is 
necessary to prevent cracking in drying; therefore, coarse grinding some- 
times is advantagecus, An ilmenite of 58 percent Ti0o and 35 percent FeO 
content would be an economical source of titanium: also "ticasil;" a cal- 
cium-titanium-silicate with 36 percent Ti05,° 30 percent 5105, and 28 per- 
cent CaO. Titanite or sphene is a natural calciun—titanium silicate of 
this analysis, 


Bliss concludes that rutile, ilmenite, or "ticasil" cannot always be 
substituted for pure titanium oxide because some coatings demand an arc 
stabilizer of a firmness attainable only. by the precip arc material, 
analyzing 9&8 percent Ti0s, 0.03 percent Fe, and 0,041 percent S. 


- Problem suggested. - J, F. Lincoln, president of The Lincoln Electric 
Co., @ manufacturer of electrodes and welding equipment, wrote the Bureau 
of Mines in December.1935 that there is a real problem in eoteene titaniu 
dioxide in the form of rutile without impurities, 


' Probably iron minerals are among these and low iron is desired. Crust- 
ing, tabling, and magnetic separation are applied to rutile and ilmenite- 
bearing Ores, 


United States Patent 2,060,681 (1935), issucd to Virdis Miller and 
Joseph H, Humberstone and assigned to the General Electric Co., says that 


The presence of ilmenite in substantial percentages 
causes the flux material to form a slag, which is character- 
ized by its ability to cover the weld metal. Due to its 
presence, the surface of the weld metal also becomes smooth 
and of good appearance. 


Titanium, as rutile, 90 percent or more titanium oxide, occurs in 

. gneiss, schist, quartzitc, granular limestone and dolomite, and in sands 

from crystalline rocks; and as ilmenite, an iron-titanium oxide with 52 per- 
cent Ti0o, in crystalline rocks and sands therefrom. 


. , As noted elsewhere, the Foote Mineral Co. two grades of air-floated 
rutile contain Cee and ie le percent iron; and titanalba, 0,03 percent iron, 
also 98.8 percent Tido, Welding-grade ilmenite carries about 24 percent 
iron as 12,29 vercent ferrous oxide and 24.59 percent ferric oxide, 


The necd of both welding-supnly dealers and of the titanium-pigment 
manufacturers for obtaining inoxpensive low-iron titanium dioxide is 
robably satisfied b recently patented processes. for removing iron from 
1i/ Bliss, L. G,, Titanium Minerals in Welding Rod Coatings: Foote-Prints, 

vol. & June 1935, pp. 10-15. 7 
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titanium minerals too high in iron to be satiarastony, such as those of 
J, E, Booge (E. I, duPont de Nemours & Co.) in the United States Patent 
2 "183, 366, ond of I, BE, Muskat and R, H, Taylor (Pittsburgh Plate Glass Co.) 
in 2,184, 8-5-7. All of these are selective chlorination processes for 
renoving most of the iron and leaving most of the titanium oxide behind, 


Manganese Minerals 


Two conmon ingredients used in coating welding rods are artificial or 
natural manganese carbonate (chedochnoeite). and manganese dioxide (pyro- 
lusite). They produce a brittle, fluid sleg, and replace the manganese that 
is volatilized in the eros Ferromanganese acts similarly, 


Bact! (Foote Mineral Co.) discusses the effect of manganese in 
rutile-type electrodes, Ferromangane se is used in mild~steel coatings for 
deoxidizing and removing gases in the weld, also for control of interfacial 
tension between slag and weld metal. Tests were run on high (6.9 percent) 
end medium (1,19 percent) carbon ferromanganese as well as on bare rods of 
0.51 percent Mn and 0,14 percent C and 0.15 percent Mn and 0,06 percent C, 
The coating mixture consisted of rutile, cellulose, clay, asbestos, sodium 
silicate, and ferromanganese, Potassium silicate was substituted for sodium 
silicate in some tests; also manganox (prepared hausmanite, Mnz0,) and man 
ganese carbonate, MnCOz, It was found that: | 


Increasing the amounts of ferromanganese in a coating 
results in an increase of manganese in the weld metal but has 
very little effect on the carbon and silicon contents. 


* * * Manganese seoms to have a marked effect on the 
surface tension of the slag and the interfacial tension of 
the slag and weld metal.*** By increasing the organic con- 
tent or by the addition of a certein percentage of potassium 
silicate, a weld metal of higher manganese content can be 
produced by using a smaller percentage of ferromanganese, 
Nevertheless, the same gencral results would apply on any 
modifications of the Foote basic formula, 


The partial substitution of other manganese compounds for 
ferromanganese can be accomplished with little effect on the 
requisite chemical properties of the weld metal. 


Manganese occurs as black-orown oxides, soft and powdery to hard | 
lumps or nodules, with more or less iron and silica, in residual clays, 
shales, sandstone, and quartzite: as replacements in limestone; in quartz; 
in sandss in volcanic tuffs and flows: in rhyolite; and as the pink carbon~ 
ate, alone or associated with rhodonite (Manganese silicate), in veins of 
silver and zinc, 


le/ Enck, Ernest G,, Manganese in Rutile-Type Coated-Steel Electrodes: 
Foote-Prints, vol, 12, June 1939, pp. 26-35. 
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Feldspar, a silicate of alumina with potash, soda, or lime, is used 
in some coatings, as will be noted in this revort, The mineral occurs in 
most igneous rocks, especially in pegmatite or giant granite, associated 
with quartz and mica, It is fluxing in nature and helps build a slag of 
desired characteristics. 


Cryolite 


United States Patent 2,141,929 (1938) issued to M. R. Moritz and 
I, GC, Fitch and assigned to General Electric Co., relates to the use of 
cryolite (a fluoride of sodium and aluminum mined in Greenland but occur= 
ring in Colorado) 50 to 64 percent, feldspar 22 to 18 percent, tale 11 to 
9 percent, and calcium carbonate 11 to 9 percent. Cryolite has high fluxr- 
ing power, as it dissolves many oxides such as those of aluminum end magnes-~ 
ium, and is therefore used in their welding, 


Binders for Coatings 


Sodium silicate, - The binders or agzlutinators for coatings are 
tabulated later, but the common binder for coating mixtures is an aqueous 
solution of sodium silicate, Na2Si0z_. Potassium silicate is also used, 
beings cheaper (in Burope) than the sodium compound. Both serve as flux 
ingredients in the coating, Sodium silicate is white to gray-white as lum 
or powder and is soluble in water and alkalis but insoluble in alcohol and 
acids, It is marketed dry or wet as solutions of various concentrations © 
ranging from viscous seniliquids to thin, watery fluids. It has many uses, 
including the binding of minerals on electrodes, according to The Condensed 
Chemical Dictionary. 


In British Patent 425,443 (1935), a plasticizing agglutinant (any vis- 
cous substance that causes objects to adhere to one another) is added to 
the coating mixture, and the coated rod is heated to dehydrate it. In this 
case the agglutinant consists of 3 percent water-soluble gluc, 3-1/2 per- 
cent inorganic ester of glycol, such as boron ester and 16 percent water. 
This agent acts as a reducing substance, (Boron esters are mentioned in 
other patents.) 


United States Patent 2,158,984 (1939), issued to A. RB. Lytle and 
T. H. Vaugh and assigned to’ the Oxweld Acetylene Co., calls for a metal 
core, such as one of bronze, provided with a coating of borax and boric 
acid, together with a thermoplastic resin, wiich emits no disagreeable 
fumes and deposits no char tnoat would intorfcre with the welding operation, 


Dextrin, a gum as powder or granules made from various organic materials, 
starches for example, is also used as a binder, .It i8 soluble in water but 
insoluble in alcohol and ether, , 
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Figure 5.— Wrapping and coating as described. 
A, With fibrous asbestos; 8, with asbestos 
paper. 
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Wranpings on Electrodes 


Although many coatings are applied wet to electrodes and then dried, 
several methods or devices are employed to hold or onchor them thereto and 
also to perform certain functions in the welding, 


An early United States patent (No, 1,301,331, 1919, issued to R, 8, 
Sind th) employs parer thet has been impregnated with sodium silicate before 
or after being wrapped around the wire or rod, then the electrode is baked 
to expel part of the moisture and harden the nur face of the paper covering. 
With such an electrode, the insulating coating disintegrates slowly in the 
heat of the electric arc, the wire fuses or volatilizes more quickly, and 
the metal flows from the crater or crucible formed by the coating to the 
work to be welded and is deposited thezeon and incorporated therewith, ‘The 
paper covering, having a carbon content, does not form a slag, protects drops 
of metal from the welding rod from contact with eair, and the joint formed is 
free from porosity and is homogeneous. 


United States Patent 1,937,574 (1933), issued to R. S, Johnson and 
assigned to A, Roeblings Sons Coe, calls for several strips of asbestos 
paper laid longitudinally with the axis of the rod and upon which is placed 
a plastic coating of 200=-mesh 4S8—percent silica, 10 percent iron oxides, 

6 percent manganese dioxide, 23 percent calcium oxide, and 13 percent titaniun - 
dioxide, with sodiun silicate binder, 


United States Patent 1,944,753 (1934), issued to D, L. Mathias and 
assigned to the Westinghouse Electric and Manufacturing Co., consists of a 
rod provided with longitudinal or helical grooves or with a combination of 
notches and grooves in which wires are laid for the purpose of anchoring 
the flux coating. 


United States Patent 1,983,552 (1934), issued to M. L. Luckenbaugh 
and T, D. Radcliffe and assigned to the taadara Oil Co. of California, 
covers wrapping of the rod with fibrous Cellulosic (cotton yarn) material 
and giving it an alkaline soak, a drying, a silicate soak, a drying, a 
silicate dip, a setting, a drying g, and an aging. 


United States Patent 1,985,974 (1935), issued to Frank Cardozo and 
assigned to the Standard Oil Co. of California, provides for a sleeve of 
rayon on the rod and a coating of sodium silicate formed thereon, 


United States Patent 1,993,789 (1935), issued’ to R, S, Johnston and 
assigned to John A, Roebling's Sons Coe, has a rod with a wrapping of 
fibrous asbestos or asbestos paper to hold a coating of silica, iron oxide, 
and & manganese mineral or titanium oxide, Figure 5, A and B, shows eleva-~ 
tions and cross sections of the respective electrodes. 


United States Patent 2,063,182 (1935), issued to W. B, Miller and 
assigned to the Union Carbide & Carbon Corporation, relates to a welding 
rod having a fabric on the bare metal and a coating of arcestabdilizing 
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material, The wrapper may consist of a strip or tzpe of woven cotton or 
felted cotton fabric or a linen fabric or vegetable matter wound spirally 
about the. rod or apnlied longitudinakly, The wrep firet may be lmpreg- 
neted with sodium silicate or only the ends of the fabric may be so in- 
pregnated, The flux coating is peeeee and applied outside the fabric. 


Powdered Metals and Minerals 


As in other branches of metallurgy and manufacture, powdered minerals 
and metals are being used increasingly in welding. For instance, aluminun 
powder, iron powler, magnesium powder, solder powder, tin powder, and zinc 
powler are being employed. (Of course, the minerals composing the coating: 
and fluxes are powered or ground before being mixed and applied to the roc 


In United States Patent 2,009,240 (1935), issued to A, T. Roberts and 
J. H, Paterson and assigned to the American Murex Corporation, an iron or 
steel rod or wire carries a protective coating containing powdered metal 
of substantially similar composition as the core metal in an amount suffi- 
cient to supply a substantial part of the metal of the weld, and which alse 
may contain manganese powder and china clay or colloidal silica, The sane 
firm, in Canadian Patent 354,513 (1925), employs powdered iron and ferro- 
manganese in the proportion of 6 percent manganese to the powdered iron, = 
not less than 10 percent of the welding rod.is coating. 


A correspondent of The Metal Industry (London), February 9, 1940, be- 
lieves that the welding industry is another field in which power metal- 
lurgy is destined to play an imnortant part. An obvious direction is in ts 
use of powdered metals as welding-rod coatings to supply constitutents thet 
-today have to be eee in a diluted form with consequert loss of efficiency 
7 

Porous metals are being used more, as, for example, absorbing oil for 
"oilless" bearings, United States Patent 2,180,813 (Novezber 21, 1940, 
‘issued to John T, Marvin and assigned to General Motors Corporation) covers 
molding finely divided metal powder into the desired shape, sintering the 
, molded powder to cavse it to fuse together and form a strong, highly porous 
electrode of homogenous character, and then impregnating the porous zetal 
electrode with suitable nonmetallic fluxing ingredients, which solidify azi 
are thereby held within the pores of the completed electrode, 


gem Bi ae Tape 


Patents have been issued for tapes or cords feeeasiel with a flux. 
United States Patent 1,884,712 (1932), Lincoln Electric Co., covered a cord 
of combustible naterial, such as twisted paper, for carrying the fluxing =: 
alloying ingredients, such as alkali metal compounds, which may be fed into 
the arc area independently of electrode or work. 


British Patent 430, 722 (1935) issued to the British Thomson-Houston Co. 
includes a tave of cellulosic material (cotton, for example) impregnated v:- 
powdered feldspar, titanium dioxide, ferromanganese, and sodium silicate 
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and folded longitudinally about an electrode core with edges abutting one 
another and paralleling the axis of the core, A substantial layer of flux 
may be provided between the core and tapes = 


United States Patent 2,164,104 (1939), issued to H. C. Bereit and 
assigned to Una Welding, Ince, calls for tae conjoint use of a weld= 
ing wire and a flux-carrying tape in arc welding. The tape is fed simul- 
taneously with the wire to the arc, . 


British Patent 483,566 (1938) issued to T. C. R. Shepherd and Metropoli- 
tan-Vickers Electrical Co., includes a white asbestos yarn spun on the 
electrode ana the flux applied thereon; or powdered asbestos is added to 
the flux, which is applied to the electrode by extrusion. 


Many of these inventions are recent and possibly have merit, althougn 
the authors have been unable to learn any special advantages for separate 
use of flux-imoregated tape in arc welding. Doubtless it is convenient in 
gas welding compared with dipping the hot welding rod periodically into 
powdered flux. Use of separately fed tape carrying the welding fluxes and 
Minerals is probably not ene to the same patent control as are coated 
welding rods. 7 


Organic Coatings 


Certain types of coatings contain a high proportion of organic material 
such as alpha cellulose (cotton), and a carbohydrate material (wood flour). 
A number of patents have been issued for tne use of the foregoing and for 
cellulose or like material in a fibrous or fluffy state (British Patcnt 
Lys, 25, 1936); for hydrocellulose or oxycellulose (British Patent. 45,210, 
1930), for flour and dextrin (United States Patent 2,152,286, 1939, to 
Pieter Schoenmaker); for cotton or paper (United States Patent 2,148, 228, 
1939, to Re R. Ap slegate); and for coke flour or lamp black or bone black 
for welding thin metal (United States Patent 2,043,927, 1936, to E. W, 
Kronbach, assigned to Una Welding, Inc.). Binders are used with these 
materials. All these fibrous materials cana function as reinforcers to aid 
the binder, malting the cracking of coatings less likely and providing a 
reducing atmosphere around the welding rod end weld metal. 


Organic silicates, known as silicon esters, are proposed for coatings 
with other minerals, Ethyl orthosilicate, @ colorless liquid with a density 
of 0.933, is an exammle. Talc or clay — be added. On standing in air, 
the moisture acts on silicon esters to liverate volatile alcokols and leave 
silica gel of good binding power. Any unhvdfolyzed silicon ester can add 
volatile silicon to the weld atmosphere for protection against oxidation 
or even reduction of desired alloying elements. 


"Borcote" is an organic filler made by the Foote Mineral Co. which 
reports that it is more alxaline (pH &.09) than alpha cellulose (6.29) or 


wood flour (4,75). It is also nonhygroscovic ani swells less in water than 
does alpha cellulose. It is less fibrous and extrudes better, producing 
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a better-looking coating. There is no unpleasant odor when the rods are 
used, and the arc characteristics are better than those of alpha cellulose. 
Any boron compounds present add to the fluxing power of the coating, and 
any unoxidized boron could function like silicon esters as a reducing agent. 


Features of Electrodes 
several features of coated rods may be listed: 


Diameter ranges from 1/16 to 3/8 inch, 

Length ranges from 9 to 18 inches, 

Grip is at end or at center of rod cared 1 inch, 

Composition of rod should amoroximate as nearly as 
possible that of the metal oeing welded, 


Color of coating varies according to maker and to use, A Lincoln 
stable~arc electrode for general-purpose welding is a wasned rod readily 
identified by the blue color, The McKay all~position electrodes for certain 
jobs are white, buff, cream, light red, blac’: with blue tip, gray and red, 
and dark red. ‘The Murex electrodes have brown coatings witn brown, white, 
blue, gray, red, tan, orange, green, or violet tip; gray or tan with plain 
tip; cream with. white tip; and white with black, blue, red, or violet tip 
for different purposes. The Roebling electrodes may be whitish, through 
gray, to black, the color depending primarily on the type of iron oxide 
in combination with manganese dioxide, 


Cleanliness of rod before coating is essontial, 
Dip-coating of rods has bccn largely supplanted by extrusion uctnods,. 


There is no rule governing the thickness of a coating, yet there is an 
economic limit to it. 


Nondeliquescent materials are needed in coatings - lithium carbonate, 
for instance, instead of litnium chloride, 


Packing consists of 2- to 50-vound plain or corrugated cartons, tins, 
and bundles in burlap, 


Proprietary Coatings 


Following are a few examples of proprietary coatings as excerpted 
from patents issued; 


Babcock & Wilcox coatings, ~ In Canadian Patent 356,161 (1936), for 
steel welding, a steel rod is coated with a mixture composed of 50 parts 
silicon carbide, 15 parts calcium carbonate (limc), and 10 parts calciun 
fluoride (fluorspar),. 


In British Patent 425,403 (1935), a coating consists of flint, manganese 
dioxide, magnetite, asbestos, and ferromanganese, A plasticizing agelutinant 
is added, and the coated rod is heated to dehydrate it, 
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British Thomson-Houston coatings. ~ Several British patents were 


issued The British Thomson—Houston Co. during 1933 and 1935 for flux coat- 
ings on electrodes for welding steel, Feldspar, titanium dioxide, iron 
oxide, ferromanganese, silicon carbide, asbestos, and talc, with sodium 
silicate, are prominent ingredients. Analyses of steels for rods are given. 


Champion electrodes, ~- Typical S. A, EH, 1010 steel is used in the 
manufacture of steel welding electrodes of The Champion Rivet Co. according 
to the president, Pierre Champion, This analyzes 0,10 to 0,15 percent car-~ 
bon, 0,10 to 0.60 percent manganese, 0,045 percent phosphorus, and 0,045 
percent (maximum) sulfur. The elements used in the coatings are similar 
to the slag-forming materials used in the manufacture of steel, such as 
limestone, ferromanganese, silica, and various iron oxides, To these are 
added enough sodium silicate to render the mass plastic so that it can be 
extruded on the bare rods; also to serve as a binder, so that the coating 
will adhere to the electrodes, 


General Electric coatings. - Recent coating patents of the General 
Electric Co. for steel welding include the use of feldspar, talc, siliceous 
clay, bentonite, ilmenite, kaolin, ferromanganese, or ferrotitanium with a 
binder. In one patent (United States 2,141,316, 1938, to A. M. Roberts), 
25 to 60 percent siliceous clay is mixed with 75 to 40 percent manganese 
dioxide, Of these, we kmow feldspar and talc are fluxes and also provide 
slag-building ingredients; the clays provide slag-building ingredients, 
vlasticity, and temporary binding power; the ilmenite provides titanium 
for arc stabilization, as almost universally used, and probably the grain. 
refinement characteristic of small amounts of titanium metal entering the 
steel; the ferromanganese and ferrotitanium provide oxides for slag build- 
ing and the brittleness of slag charactcristic of manganese oxide, but func- 
tion to protect the rod and weld metal from oxidation and nitriding, Other 
less obvious functions are probably also provided in some of these ingred- 
ilents, General Electric markets its welding rods through Arcrods Corpora- 
tion, 


Haynes Stellite coatings. ~- The welding rods of Haynes Stellite for 
welding stellite or attaching tungsten cardide to steel drilling bits may 
be coated with many minerals, British Patent 467,034 (1937) calls for a 
core of iron or carbon steel, or it may contain up to about one-fourth of 
the alloying elements, The coating may also contain tungsten, molybdenun, 
vanadium, nickel, and cobalt to give 10 to 15 percent of the total metal 
in the deposit. The coating may consist of 7.5, 0, O parts calcium carbon~ 
ate; 18, 19, 19 parts Albany slip clay; 3, 0, O parts rutile; 1.5, 0, 0, 
manganese ore; 45.9, 59.6, 48 parts high-carbon ferrochromium; 11.5, 9.9 
6 parts silicomanganese; 7.6, 6.6, 22 parts low-carbon ferromanganese: and 
5, 4.9, 5 parts cannel coal, with sodium silicate as a binder, 


Metropolitan-Vickers electrical coatings, - Metropolitan-—Vickers and 
T, C, R. Shepherd (and others) nave a number of British patents for flux 
Coatings for steel welding, One example (406,902, 1937) is 13 to 19 per- 
cent manganese dioxide, 11 to 20 percent feldspar, 27 to 39 percent ilmenite, 


16 to 24 percent ferromanganese, 8 to 10 percent ferrotitanium and/or 10 to 
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15 percent ferrochromiun, and up to 6. percent kaolin. '. The mixture is made 
into a paste with sodium silicate or other binder. 


Another example is Patent gz, 566 (1938). The coating comprises one 
or more mineral silicates (feldspar or plastic clay), ilmenite, and titan- 
Jum dioxide in the form of rutile and forming 40 to 60 percent of the whole 
mixture, The flux may also contain calcium carbonate, ferromanganese, and/ 
or starch, Sodium silicate is the binder. 


A third example is Patent ugh. 181 (1932), in which the flus is 35 to 4s 
percent ferric oxide, 20 to 30 percent silica, 10 to 20 percent ferromangan- 
ese, and 5 percent clay, with 15 percent starch made into a paste with sodiw 
silicate or gum arabic and applied to an electrode by extrusion, The exact 
reasons for all these variations are not revealed but may be judged by a 
study of the table of functions of welding ingredients given in this paper, 


Murex coatings. ~ Murex electrodes of Metal & Thermit Corporation for 
steel welding are of two general types — (1). those whose coatings are all 
mineral in content and are anchored to the core wires by spiral windings ~ 
of asbestos yarn, and (2). those without such windings, whose coatings, which 
may contain other than mineral ingredients, are extruded on the core wires 
under high pressure. With either type, it is said, full protection from 
the atmosphere is provided during welding both to the arc and to the molten 
weld metal. Murex coatings are essentially mineral oxides, one of the most 
important being rutile. The oxides vary with the type of coating, and all 
of the coatings! compositions are especially made for each electrode. 
Cellulosic materials are sometimes used. 


Roebling coatings, ~ For its coated electrodes, the John A, Roebling!s 
Sons Co., Trenton, N. J., uses various proportions of the following materials 
according to C. C. Cooley, general sales engineer: Silica, calcium carbonate 
asbestos, iron oxides, titanium dioxide, manganese dioxide, manganese. car- 
bonate, aluminum oxide, ferromanganese, ferrotitanium, ceramic clay, and 
sodium silicate, The electrodes may be whitish, through gray, to black. 
In the absence of precise information as to the reasons for so doing, it 
is interesting to speculate on why manganese onters those coatings as the 
oxide, the carbonate, and the ferroalloy. There is a reason for each, bdut 
nowhere is there a frank discussion of principles involved in the design 
of weldrod coatings. 


Westinghouse coatings, - Westinghouse Electric & Manufacturing Co,, 
East Pittsburgh, Pa., gives no ee of coating composition in its bookle’ 
"Crucible Weld Flexarc Electrodes." The firm has an electrode for every 
requirement and tabulates their characteristics as to size, current range, 
particular use, resultant arc metal, and how packaged. The metallurgy, 
chemistry, and ceramics involved in. the formulation of these coatings is 
the trade secret of the company, 
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Fluxes 
Purpose of Fluxes 
| : 
Critchet tay) defines the functions of flux as follows! 


At welding temperatures all metals oxidize (that is, 
form chemical compounds with oxygen from the air) more or less 
ravidly, and the oxides so formed act as so much "dirt." If 
permitted to remain in tne finished weld, the oxide would 
seriously reduce the strength of the weld and might even make 
it quite useless. 


With most of the common metals, except steel, it is 
necessary to use a suitable flux tc remove the oxides, This 
flux is a mixture of varicus chemicals which, at welding tompera~ 
tures, will unite with thc oxides to form an easily fusible slag. 


As the oxides of the different metals vary widely in 
physical and chemical properties, no one flux is suitable for 
all metals. There are, for example, separate fluxes for 
fusion welding of cast iron; for bronze-welding and fusion-~ 
welding of brass and bronze; for welding chromium alloys such 
as stainless steel; and for welding aluminum, 


In a paper presented at the annual meeting of the American Welding 
Society, Chicago, December 1939, A, N. Kugler stated that the essential 
function of fluxes is to combine with or otherwise render harmless those 
products of the welding operation that will reduce the physical properties 
of the deposited metal or make the welding operation difficult or impos- 
sible, 


Borax 


As borax is used so much in welding, Kitchen's papertt/ on the | 
mineral, presented at the meeting of the Division of Fertilizer Chemistry, 
American Chemical Society, Boston, September 11-12, 1939, should be pro-= 
cured or read in the referenco below, Kitchen describes the occurrence 
(associated with clay and shale in arid country), refining, and uses of 
borax, Among the uses are brazing and welding, The metal surfaces to be 
joined must be clean and free of oxides, Borax, calcined borax, borax 
glass, and doric acid, alone or mixed, are among the most successful fluxes 
because they restrict the formation of metallic oxides and exert a solvent 
action on suth oxides as are formed, Soric acid and its less expensive com- 
pounds are used in melting alloys of copper and nickel and ai recovering 
them from ¢c:up metals, 


13/ Crit seer , J. He, Fundamentals of Gas Welding: Welding Handbook, 
107%, ar.. Weld. Soc., New York, (1938, Chap. 8, pp. 127-128, 

14/ Kitchen, E. M., Borax - Its Manufacture and Uses: Am, Fertilizer, 
vol. 91, September 30, 1939, ppe 7-9, 24, 26. 
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A leading miner of borates and refiner of borax, boric acid, and such 
products informs us that approximately 500 tons a year of its boron products 
are sold for welding purposes and that possibly an equal tonnage is sold by 
other producers, making a total of 1,000 tons consumed annually in the 
United States for welding, 


Borax occurs in aric regions as borax in crystalline salts and as 
brine in lakes; as colemanite in beds of limestone, dolomite, and clay; 
and as beds of clay and shale containing borax, colemanite, kernite, and 
ulexite within sediments and associated lavas (chiefly basalt), which lie 
upon older rocks that outcrop and younger granite and quartz monzonite. 


Fluorspar 


Fluorspar is used commonly as a flux, As in other fluxing operations, 
this mineral makes for fluidity in slags. Fluorspar is the cheapest of all 
the fluorine-bearing minerals that are easily available, Nearly all 
fluorides have high fluxing power, Oryolite is the only other natural fluor. 
ide available and used as a flux, | ‘ 


Fluorspar occurs as gravel or float material in clay, sandstone, lime- 
stone, and shale. Faults should be followed, Deposits are irregular, 
Associated minerals are barite, calcite, quartz, galena, and sphalerite, 


Lime 


In making iron and steel rod and wire, after acid pickling they are 
washed and then dipped in a lime emulsion, This dries on the metal and acts 
as a lubricant in drawing through tne dies, Moreover, the lime and coating 
are useful for welding purposes, That lime is made from limestone by burn- 
ing need hardly be stated here, Calcium can be an important ingredient in 
welding slag, whether it is introduced as free CaO (which is soon converted 
to carbonate on standing in air) or as powered CaCOz, or it may be intro- 
duced as the mineral wollastonite, CaSi0z, to avoid eoeaat len of gas on 
heating, Wollastonite has not been used commonly in welding: but for steel 
it has about the right melting point, fluxing power, and brittleness as 
well as good heat-insulating properties, so that a weld will not cool too 
suddenly, 


Lithtum Minerals 


Deliquescent minerals or salts can be used only in pastes, as lithiun 
chloride, for example, Lithium carbonate can be used where deliquescence 
1s to be avoided, or lithium aluminosilicates like spodumene, depending on 
the melting temperature of the metal being welded. The lithium compounds 
are noted for their extremely high fluxing power, lithia being more efficie:' 
from this basis than are the heavier alkali oxides, 


Lithium as amblygonite, lenidolite, spodumene, and zinnwaldite occurs 
‘in pegmatites. Cassiterite and columbite accompany lithium minerals, which 
in welding are said to act as scavengers, | 
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Sodium Compounds 


Sodium compounds are used in welding and The Condensed Chemical Dic- 
timary (1919) lists a white flux powder consisting of sodium carbonate, 
sodium nitrate, and sodium nitrite, It is a strong oxidizer and a fire 
hazard and is shipped in tin cans, These salts are obtainable through 
chenical supply houses, Compounds of all the alkali metals are good fluxes, 
but the sodium compounds usually are the cheapest. The sodium tetraborate, 
borax, is unusual in having fluxing power in both its cation and its anion, 


Special Fluxes 


Several chemical compounds, produced from minerals, find use in coat- 
ings and fluxes as well as in soldering: 


Sodium bifluoride, Nails, is a white, crystalline, and poisonous © 
power soluble in water and selling at 12 cents a pound, It is a powerful 


flux of low melting point, 


Pyrophosphoric acid, H,P.02, is a viscous, sirupy liquid that tends 
to solidify on long standing at ordinary temperature. Its melting point 
is 61° C, (141° FL), It is useful as a catalyst in certain processes and 
in the manufacture of organic phosphate esters, When diluted with water, 
pyrophosphoric acid is ravidly converted to orthophosphoric acid, which 
finds use in soft-soldering fluxes and leaves no residue to cause corrosion, 


Phosphoric acid, HPO), a clear liquid or a transparent crystalline 
solid, depending on temperature and concentration, and its compounds are 
attracting some interest in the field of soldering fluxes because any acids 
remaining in the residue will react with the metals to form nonhydrolyzable 
metallic salts, Chlorides and sulfates hydrolyze readily and continue cor- 
rosion whenever moisture is present; but with phosphates, the acid, when 
once combined with the metal, romains fixcd and its corrosive powers are 
exhausted, according to J. M, Gillet, Victor Chemical Works, Chicago. 
Phosphates are used in wolding magnesium, | 


Alkyl acid phosphates, such as monoamyl orthophosphate, have good 
wetting powers, and the monoamyl phosphate in particular is interesting in 
Soldering, No obnoxious fumes are given off when the work is done in a 
confined place; the spattering characteristic of some fluxes is eliminated 
and the corrosive residues are avoided, 


Columbite, a blackish iron-manganese-columbium mineral that occurs 
with tantalite and is used in stainless steels, is also employed in welding 
these steels, Columbite has a gravity of about 5.3 and a hardness of 6, 

The streak is dark red to black, Several patents call for the inclusion. 

of columbite in concentrates as a metal and as an alloy. Silicon accompanies 


it. As in its use in stainless stecl, some columbium is lost in welding. 


: Fren ch Patent 791, 979 (1935) adds coluwnbium and silicon to the solder- 
AZ hetal during welding; all or part of the former may be present in the 
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flux as an oxide 25 to 75 percent, feldspar 5 to 35 percent, fluorspar 

5 to 30 percent, borax 1 to 15 percent, silica 1 to 10 percent, and silicon 
or ferrosilicon up to 50 percent. British Patent 463,717 (1937) adds 
columbite as an oxidic compound in the flux and the silicon as such or as 
ferrosilicon or as columbium—silicon or as ferro-columbiumsilicon. Britis 
Patent 459,367 (1937) uses a flux containing 2 to 40 percent columbiu, 
either as such or as an alloy or in a coating on the rod. 


In the application for two United States patents (2,121,770 and © 
2,142,045, 1938) for a welding flux and for a flux-coated welding rod, the 
use of columbium is specified. The welds of steels containing 2 to 16 per~ 
cent chromium are brittle, those having 16 to 35 percent chromium lack 
satisfactory ductility, and those having 12 to 35 percent chromium, 6 to 
35 percent nickel, and uo to 0,3 percent carbon tend, when welded, to lose 
much of their resistance to corrosion. Therefore, it is proposed to add 
columbium to the metal to be welded and to the welding rod, preferably as 
finely comminuted ferrocolumbium in the welding flux, such flux to consist 
of about 5 to 30 parts columbium as ferrocolumbiun, 30 parts feldspar, 10 
parts calcium carbonate, and 5 parts chromite. The loss of columbium 
during welding may be reduced if silicon or aluminum is added to the flux, 
Gas-welding is as good as electric welding. One form of rod has a flux 
coat containing columbiun and slag—forming materials, whereas another forn 
has a flux coat containing columbium and an outer coat of slag~forming 
materials, | 


The second patent mentioned has clectrodes similar to that described 
and is practically the same, Both patents say 


“Tho results of these tests demonstrate the effectiveness 
of the flux of the invention to introduce columbiuwum into the 
weld metal, 


General Purpose Fluxes 


United States Navy specification fluxes 51-F~2b, mentioned under their 
respective heads, are tho principal types used in oxyacctylene welding and 
brazing for cast iron, brass, bronze, and aluminum, and the ingredients usec 
in these formulas are practically the same as used in all oxy—acctylene 
welding and brazing fluxes, 


Gaseous Flux 


The new apparatus mentioned by Oliverta/ in a survey of welding prac- 
tice includes an improved gasfluxer of the Automatic Gasflux Co, (British 
_ Patent 507,632, June 16, 1939). This is made of aluminum and weighs only 
6~1/4 pounds, It is connected with the acetylene or hydrogen line and 
supplies a flux vapor direct to the brazing flame, The flux, preferably 
_an ester of an inorganic acid, such as boric acid, is said to be: highly 


15/ Oliver, Frank J., What's New in Welding Apparatus: Iron Age, vol. 
144, November 1939, vp. U9~55 6 
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volatile, and a.regulating valve gives a variable gasflux misture, .Vistal 
inspection, of the liquid gasflux levcl is provided through a small window 
of reinforced glass. The fluxine agent is "other then an alkyl borate, ® 
whereas in British Patent 491,008, Augist 24, 1938, to the Linde Air 
Products Co.,- an aliylborate flux is mixed with the welding or brazing gas 
in the vapor state, _ 


‘Slags 


Forty -to sixty percent slagwforming constituents are present in 
several prominent patented coatings, and Sprarogen and Claussen, cited 
later, believe that the composition of welding slags has not been stwilied 
comprehensively. 


Consider‘ng that the slag in shielded-arc weldins serves a number 
of purposes, such as (1) protection of the wold metal from oxidation and 
nitriding, (2) permitting slower cooling of the weld, (3) permitting the 
arc to play through the slag layer, (4) acting as a flux to keep metal 
surfaces clean, and so forth, it can be seen. that the building up of the 
slag to perform these various duties is worthy of considerable thought. 
The slag must have the proper melting ranse, fluidity at the working 
temperature, dissolving power for oxides and nitrides that tend to forn, 
heat insulatior to permit a good cooling rate and yet allow desired depth 
of penetration of the wolding heat, electrical conductivity to “permit a 
quiet arc without too much volatile material being boiled away, and inter- 
facial tension with solid and liquid zctal to permit good fluxing, and, 
when cold, the slag must be brittle and easily removable. A good slag, 
properly protcctive of metel, permits use of a welding rod of about the © 
same composition as the metal to be welded, Why the scientific aspects _ 
of slag formation, as permitted througn correct blending of rod coatings, 
have not been discussed more in the literature is difficult to undorstand, 
One reason is that trade secrets can be kept successfully, as patent-law 
requirements do not demand that much of the "theory" underlying a coating 
formulation be disclosed, After a little thought is given to the items 
just listed, it is easy to see that a great field remains for research and 
publication along this line. 


Action of Certain Fluxes 

16 
In their chapter on shielded-arc welding, Aschenbrenner and Desseier= 
say that in tne fluxing action of coatings, | 


The molten slag in contact with the molten weld metal 
acts as a scavenger in removing oxides and other impurities 
from the weld, The fluidity of the metal is increased so that 
it flows more smoothly and uniformly, The result of the flux- 
ing action is to produce better auality and to permit the deposi- 
tion of layers of weld metal at high rates of speed, 


These welding specialists also state that ingredients for producing 
slag are far too numerous end varied to be discussed thoroughly. For steel 
Aschenbrenner, F, J., and Deppeler, J, H., Shielded-are Welding: 

64 Welding Handbook, 1938, American Welding Soc., 1938, Chap. 5, ppe 79-80. 
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Glectrode coatings they are mainly metallic oxides, and they are often used 
in the form of natural complex silicates as asbestos and clay, A partial 
list includes oxides of titaniun, zirconiun, silicon, magnesium, calciun, 
aluminui, iron, manganese, sodium, and potassiun, Common deoxidizers are 
the ferroalloys of manganese, silicon, and titanium, Stainless—steel elec- 
trodes often contain small amounts of fluorides to aid in dissolving any 
chromium oxide that may be formed, 


Action of Slag in Welding 
Slag is discussed, in part, by Henry and Claussen, LL/ as follows: 


The nonmetallic material on the surface of the weld is the 
slag. If a bare iron rod is melted by arc or flame, the result- 
ant bead will be covered with a thin layer of iron oxide, The 
flux in gas welding melts over the iron to form a coating of 
nonmetallic matter, which usually is spread on the rod. The slag 
is the molten (later solid) coating on the weld. Particularly 
with coated electrodes, the slag is not of the same composition 
as the coating or flux. Iron is absorbed, whereas other consti- 
tuents may be lost during welding, Organic material, such as 
cellulose, in a coating forms a gas above 600° C., which dilutes . 
the welding atmosphere; hence, it is low in oxygen and nitrogen, 
and high in gases containing hydrogen and carbon. 


Slag and surface tension, ~ Slag has an effect on the surface 
tension. * * * The surface tension of molten metal is always large - 
100 times greater than water, Therefore, there is a large angle 
of contact between a weld scarf and a bare weld melt. If the | 
molten metal is covered with slag having a low surface tension, 
the slag diminishes the contact angle and facilitates the penetra~ 
tion of the weld melt into narrow gaps, such as at the root of a 
butt or fillet weld, Surface tension and viscosity (its recipro- 
cal is fluidity) are entirely different, * * “ Whercas melts 
become rapidly less viscous as the temperature is raised, there 
is no corresponding change in surface tension. 


Alloying elements may change the behavior of a slag, which 
should not be too viscous nor undercut, Suppose the weld melt 
contains 1 percent aluminum: — This has a high affinity for oxygen 
and forms Alo0z, melting at 2,050° C. (3,700° F.). The oxide 
joins the slag and makes it viscous and sluggish. As a result, 
the slag does not cover the melt adequately and tends to become 
entrapped in the solidifying weld, Tho dangorous effects of 
alumina may be counteracted by adding silica to the flux, 

Silica forms mixtures of low melting point with alunina, 


17/ Henry, 0. H., and Claussen, G. E,, Welding Metellurey? Am, Welding 


Soc., 1939, UT pp. 
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Specific gravity, - Specific gravity is particularly import- 
ant in welding from a slag basis, If the slag has a higher speci- 
fic gravity than the molten metal, which may happen in welding mag~ 
nesium or aluminum with improper fluxes, the slag will collect 
mainly at the bottom of the weld melt. Surface tension under such 
circumstances usually forces a film of slag to cover the surface 
of the metal. The lower the specific gravity of a slag, the 
faster it will rise to the surface, It should be remembered 
that while gases nave very low specific gravities, they may re- 
main dissolved in metals, 


FUNCTIONS OF INGREDIENTS IN COATINGS, FLUXES, AND SLAGS 


The following functions of ingredients in coatings, slags, and fluxes 
were obtained from certain patents and writings, also from the writers! 
deductions in metallurgy and assaying. 


1. Binders (in rod coatings and tapes): 
To hold powdered ingredients in desired shape and con- 
tiguity. | | | | 
Examples: Glue, dextrin, flour, clay, waterglass, 
colloidal silica, silicon esters, boron esters. 


2. Thickeners for binders: 
To improve wet working characteristics upon forming coating. 
Examoles: Bentonite in water, clay in water glass, 
pnermanganates or bichromates in lacquer, 


3. Reinforcers (in rod coatings): | 
To prevent cracking and peeling of bound coatings. 
Examples: Asbestos fiver, cotton fiber, mica flake, 


4. Protection, solid coating: | 

To cover rods and metal melting away from them for 

preventing attack by air, 

Examples: Easily oxidized rod metal, containing 
easily oxidized ingredients, show high loss 
due to oxidation when used bare and much 
smaller loss when the metal is coated, 
Coating should be slightly higher in melt- 
ing point than metal coated. 


5. Protection, from gas generated: 
An atmosphere of inert harmless gas around arc and melt~ 
ing metal prevents access of air, 
Examples: Organic powders introduced into coating, as 
wood flour, cellulose flour, charcoal. 
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6, Protective slag over metal: 
Prevents access of air to hot metal, Slag formed 
from rod coatings, from metal oxides formed by | 
attack on metal rod, and from fluxes added. 
Examples: Quartz powder, feldspar powder, clay, 
reducible metal oxides desired in weld 
metal. 


7. Control of slag melting point: 
Each metal welded needs-different slag. 
Examples: Calcium silicate melting point raised by 
magnesium silicate or slumina; calcium 
silicate melting point lowered by fluxes; 
mixtures of feldspvars melt lower than 
any one alone, 


8. Control slag viscosity: 
Must not be too fluid nor too sluggish. 
Examples: Alumina raises slag viscosity; fluxes 
lower it; silica foris mixtures of low 
melting point with aluminae 


9. Control slag surface tension: 
Low surface tension helps spreading; high surface 
tension causes witndrawal into drops, 
Example: Fluxes lower surface tension and permit 
entrance of slag and molten metal into 
small openings, 


10, . Control slag electrical resistance! 
Example: If too nonconductive, add glasses, feld- 
spars, fluxes, 


ll, Control slag specific gravity: 
Must be lighter than weld metal. 
Examples: Heavy metal silicates on aluminum ‘must 
be diluted with light-weight, low-melting 
salts, Slag with highor specific gravity 
than molten metal will collect at bottom 
of weld, as with magnesiun and aluminum, 


12. Control slag properties for removal when cold: 
Examples: Srittle slags easily knocked off if man-~ 
ganese oxides added. 


13. Control slag: metal interfacial tension: 
High interfacial tension promotes spreading and 
covering of metal surface, 
Examples: Manganese minerals and ferromanganese 
are good, 
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To control heat insulation of slag cover: 


Usually quick cooling of metal is not desired, 

Examples: Slags of low viscosity and low surface 
tonsion spread too thin a coating, 
Deep penetration of weld for thick 
metal; shallow for thin. 


provide fluxes of metal oxide films and inclusions? 

Examples: Solid inclusions of alumina when fluxed 
are liquefied and squeezed out by weight 
of metal, Film of oxide from metals 
welded must be dissolved by molten flux to 
permit blending of molten metals, Aluminum 
requires fluoride and halide fluxes, Iron 
works well with silicate fluxes, Borax 
almost a universal flux, 


control spattering of flux: | 
Examples: Borax spatters while melting; fused borax 
evolves no steam while melting. Alkyl 
acid phosphates diminish spattering of 
soldering flux and low melting fluxes 
for welding zinc, magnesium, and aluminum, 


provide volatile fluxes for penetration into recesses 
more efficiently. 
Examples: Boron esters, boric oxide, ammonium chloride 
for cleansing, 


stabilize arc: 
Accidental small movements of welder's hands must not 
extinguisn the arc, 
Examples: Rutile in steel welding: fluorides in 
aluainum welding, 


control arc resistance: 
Must not be too conductive nor too resistant, 
Examples: Rutile, volatile fluxes, 


provide weld metal in.addition to that from rod: 
Examples: Tron powder in rod coating, 
Alloying elements in rod coating; saves 
a.variety of analyses of rod metal, 


provide reducing agents for oxides in coating, 
Examples: Charcoal, wood pulp, ferromanganese, 
ferrosilicon, silicon esters, 
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Description of Functions of Individual Constituents of 
- Welding Fluxes 


1. Virdis Miller, assignor of United States Patent l, 978, 318, 


October 23, 1934, to the General Electric Co., says that a welding flux 
of the following composition by weight is particularly suited (probably 
for steel, although not stated): 


7648 


Mineral Limit of variation, percent 


Bentonite clay 1 0 to 5 
Sodium hydroxide aT 1 to 10 
Sodium carbonate 2 1 to 5 
Titanium dioxide 18 10 to 40 
Feldspar 53 25 to 74 
Water 22 12 to ho 


The base of this flux is feldspar, which, in the presence 
of titanium dioxide becomes viscous, causing the flux to remain 
where it collects over the molten mctal. In the presence of 
titanium dioxide, it has no tendency to run down under the arc 
and: stop the welding operation. I prefer to use a potassium 
feldspar, but other forms of feldspar may be used without de= 
parting from my invention, Sodium hydroxide forms with the 
titanium dioxide in the flux a titanite, which has a beneficial 
fluxing action on the arc, The sodium hydroxide also acts to 
lower the melting point of the vitreous material in the flux, 
causing it to form over the metal directly behind the arc, Any 
other alkali hydroxide having a melting point substantially the 
same as that of sodium hydroxide may be used, For example, po- 
tassium hydroxide 1s a suitable material, The chemical reaction 
between the titanium dioxide and the alkali hydroxide is rather 
Sluggish, but during the reaction enough water is given off to fill 
the molten slag with steam. This causes it to be very porous and 
very light, and the presence of tne flux on the molten metal does 
not form depressions in the weld when enough of this material is 
used to form a satisfactory coating, Tne sodium carbonate has a 
fluxing effect on the molten metal, The bentonite clay above 
referred to is a hydrated aluminum silicate which forms a viscous 
sOlution or suspension with water, It has a colloidal property 
and is sometimes referred to as a colloidal clay. This material 
holds the water in the flux long enough to prevent its being 
melted until the arc is quite near to it. This makes the flux 
melt at the proper time and prevents the arc from shifting out 
of the pool, By reason of its presence, the flux is used at, 
the proper time and the resultant weld material is cleaned more 
effectively. * * * 


The solid materials in the above flux are preferably ina 
finely divided state and form a paste when mixed with the water 
specified, The material should be thoroughly mixed to provide 
@ flux of uniform texture, 
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When welding in accordance with the method disclosed 
and claimed in my above-identified application, this fluxing 
material is applied to the work as a coating at least an 
eighth of an inch in thiclkmess and of sufficient width to 
leave on each side of the weld a retaining wall of unfused 
flux for that portion of the flux which is fused by the action 
of the welding ‘arc as the arcing terminal of an electrode is 
traversed through. the central portion of this flux coating. * * * 


Alloying materials may be added to the above-identified 
material without departing from my invention, but I prefer 
to apply alloying material to the weld in the form of a filler 
strip. | 


ee In describing the flux coating on an electrode used in metallic arc 
welding, J. H. Humberstone, in United States Patent 2,010,722, August 6, 
1945, assigned to General Electric Co., says: 


The essential ingredient of the above flux 39 percent by 
weight of feldspar, 21 percent of ilmenite, 9 percent ferroman~ 
ganese, and 31 percent liquid sodium silicate is ilmenite, the 
presence of which in substantial percentages in the flux causes 
it to form a slag which is characterized by its ability to cover 
the weld metal, If feldspar alone were used as a flux, the 
slag resulting therefrom would be very viscous and would not 
flow readily over the weld and cover it. When ilmenite is added 
to feldspar, the slag becomes fluid and its ability to cover 
the weld metal is increased, The surface of the weld metal 
also becomes smooth and of good anvearance, The ferromanganese 
employed is used as a deoxidizcr, It also increased the fluid- 
ity of the weld metal. It is, of course, apparent that other 
deoxidizing materials may be emvloyed in place of the ferroman= 
ganese, and also that the deoxidizer may be completely omitted 
from the flux, 


The feldspar may also be omitted from this flux without 
impairing its usefulness for most welding operations, 


MANUFACTURERS OF WELDING RODS AND FLUXSS 


Following is a list of manufacturers of coated electrodes and welding 
rods or fluxes, according to the Amcrican Welding Society and other in- 
formants: 


Air Reduction Sales Co., 60 East 42d Street, New York City. 
American Stcel & Wire Co., Cleveland, Ohio. 

Anti-Borax Compound Co,, Fort Wayne, Ind, 

Arcrods Corporation, New York City. 

Champion Rivet Co., Cleveland, Ohio. 

Handy & Harman, 82 Fulton Street, New York City, 
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Harnischfeger Corporation, 4400 West National Avenue, Milwaukee, Wis. 
Haynes Stellite Co., Kokomo, Ind, 

Hollup Corporation, 3357 West 47th Place, Chicago, Ill. 

International Nickel Co., Inc., 67 Wall Street, New York City. 
Lincoln Electric Co., Cleveland, Ohio. 

Maurath, Ince, 7300 Union Avenue, Cleveland, Ohio. 

McKay Coe, Pittsburgh and York, Pa, 

Metal & Thermit Corporation, 120 Broadway, New York City. 

Page Steél & Wire Division, American Chain & Cable Go,., Monessen, Pa, 
Roebling's Sons Co., John A,, Trenton, i, J, 

Una Welding, Inc., 1615 Collamer Avenue, Cleveland, Ohio. 
Westinghouse Electric & Mfg, Co., East Pittsburgh, Pa. 

Wilson Wolder & Metals Co., 60 East 42d Street, New York City. 


MINERALS AND COMPOUNDS USED IN WELDING 
‘According to thé claims of the 120 United States patents granted since 
1933, the following minerals and other compounds are used in various con= 
positions in and on rods and as fluxes, The arrangement is merely alpha~ 
betical: | 


Metallic and Nonmetallic Elements in Rods or Blectrodes 


Aluminum and alloys | Lead 
Aluminum metal Magnesium 
Aluminumsilicon alloy. Manganese 
Carbon Molybdenum 
Chromium Nickel and alloys: 
Cobalt Nickel metal 
Copper and alloys: : Nickel~copper alloy 
Copper metal Phosphorus 
Copper-nickel alloy (monel) | Silicon | 
Copper~silicon alloy Silver 
Brass Sulfur 
Bronze Vanadium 
Tron? Zirconiun 
Cast iron 


Malleable iron 
Wrought iron 


Steels 
In Coatings 
Alkaline~earth silicates Asbestos 
Alkaline chlorides Asphal tum 
Alkaline sulfates | : Barium carbonate 
Alumina - Bardiun poroxido 
Aluminum powder / Binders or agglutinators: 
Aluminum silicates Colluicse 
Alundum | Doxtrin 
Asbestine Golatine 
TOU - 32 ~ 
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Glue 

Gum arabic 

Paper pulp 

Potassium silicate 
Resin 

Shellac 


Sodium silicate and water glass 


Starch 

Varnish 

Wax 

Wood pulp or flour 

Borax 

Borosilicates 

Boron esters | 

Calcium carbonate 

Calcium silicate (wollastonite) 

Cellulose acetate 

Cerium sulfate 

Charcoal 

Chromite 

Clays: 

Albany slip clay 
Bentonite 
China clay or kaolin 

Coals 
Anthracite 
Bituminous (20% volatile) 
Cannel (48% volatile) 

Columbite 

Corn cob 

Diaspore 

Fabrics for wrapped rods$ 
Asbestos 
Burlap 
Cotton 
Rayon . 

Ferro~alloys: 
Ferrochromiun 
Ferromanganese 
Ferrosilicon 
Ferrotitanium 
Ferrovanadium 

Formaldehyde... 

Gilsonite 

Glass,. ground 

Graphite _ cae 

Hydrofluosilicie eaid - 

Iron-containing silicates 

Iron filings 
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Iron minerals: 
Hematite 
Magne tite 
Siderite 

Iron powder 

Larpblack 

Lime (burned) 

Lithium chloride 

Maegnesivm—containing silicates 

Magne sium-nickel 

Magne sium=<silicates 

Manganese minerals? 
Pyrolusite 
Rnodochrosite 
Rhodonite 

Mica 

Mineral spirits (distillate be- 
tween gasoline and kerosene 

MNickel-silicon 

Nitrocellulose 

Oils, natural? 
Cottonseed oil 
Pine oil 

Oxycellulose 

Petrolatum 

Phosphorus pentoxide 

Pitch 

Potassium compounds: 
Potassium borate 
Potassium chloride 
Potassium nitrate 
Potassium oxide 
Potassium silicate 

Punice 

Silica: 
Flint 
Quartz 

Silico-mangane se 

Sodium compounds? 
Sodium acetate 
Sodium carbonate 
Sodium hydrate 
Sodium oxide 
Sodium resinate 

Strontium 

Tale 

Tallow 

Tantalum 
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Thermit (iron oxide and 
powdered aluminun) 
Alumino—thermit 
Calco=thermit 
Magneso~tnermit 
Mangano-thermit 
Silico-thermit 
Titano-thermit 

Titanium minerals and alloys: 
Ferrotitaniun 
Ilmenite 
Rutile 
Titanium metal 
Titanium dioxide 


Alkali metals: 
Carbonates 
Chlorates 
Chlorides 
Dichronates 
Fluorides 
Nitrates 
Perchlorates 
Permanganates 
Persulfates 

Aluminum powder 

Ammonium chloride 

‘Ammonium fluoride 

Barium chloride 

Borates and borax products: 
Borax 
Borax glass (fused) 
Boric acid 
sSoron ester 
Colemanite (calcium borate) 

Cadmium compounds: 
Cadmium chloride 
Cadmium iodide 

Cryolite, chiolite 

Ethyl orthosilicate 


Tungsten: 
Borides 
Carbides 
Silicides 

Vegetable matter 

Water 

Wollastonite 


In Fluxes 


Feldspar 

Fluorides 

Fluorspar 

Graphite 

Lithium fluoride 

Petroleum coke 

Phosphate salts and acids 

Silicon carbide 

Sodium compounds: 
Sodium acetate 
Sodium-ammnonium phosphate 
Sodium borosilicate 
Sodium chloride 
Sodium fluoride 
Sodium silicate 

Solder powder (40 tin: 60 lead) 

Tin bromide 

Tin chloride 

Water 

Zinc minerals and compounds: 
Zinc powder 
zZzinc oxide 
Zinc-ammonium chloride 
Zinc bromide 
Zinc chloride 


PRINCIPAL CONSTITUENTS CF SOME WELDING COATINGS AND FLUZES 


As of August 1939, the Footo Mineral Co., Philadelphia, issued a list 
of 35 welding materials, which is available on request. Each mineral has 
& typical analysis, and we tabulate the principal constituents: 
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Welding Product (Foote) 


Name Principal constituents Percent — 
Fluxes 
Fluorspar | Calcium fluoride 98,10 
Magnesium oxide, calcined Magnesium oxide 90,90 
‘arble (crystalline calcium. 
carbonate) Calcium carbonate 96,40 
Wollastonite (calcium meta~ [Silica ho, g0 
silicate) {Calcium oxide 46.52 
Strontium carbonate: ‘Strontiwn carbonate 92,56 
Barium carbonate jBartun carbonate 1.47 
Calcium carbonate Calcium carbonate 3,46 
Borax glass : Sodium tetraborate 100. 
Lithium fluoride _* Lithium fluoride 98e/ 
Lithium chloride Lithium chloride 98_1 
Rare earth hydrate Rare earth oxides 65 
Coatings 
Titanium compounds: ; a 
Rutile {Titanium dioxide 94,10 to 96,70 
lIron 2220 to 1,12 
Titanalba Titanium dioxide (pure) 9848 
: Titanium dioxide 60,35 
Ferrous oxide 12,_29 
"Timenite" (Indian) Ferric oxide 24.59 
Alumina 1,24 
Iimenite Titanium oxide 5.6 
Manganese compounds: 
: Manganese dioxide 86,4 
Manganese dioxide Manganese oxide Cel 
Ferric oxide eld 
Manganox (manganese | | 
oxide) Manganese oxide, brow 64,09 
Rhodonite (manganese Manganese 31.90 
silicate) |Silica 30.20 
langanese carbonate 68 
Manganese carbonate Calcium carbonate 13 
a Iron carbonate vi 
. Silica : 13. 
Iron compounds’ 
FYerrobest asbestos {Ferric oxide 39,10 
(iron silicate) {Silica 50,90 
Magnetite Ferrous oxide~ferric oxide 94,07 
Micaceous hematite Ferric oxide 95.29 
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Name Principal constituents Percent 
Silicates!: y 
j Silica 51,60 
— Magnesium oxide 30,10 
Magnesium silicate aa orice 6.98 
Vluminum oxide 2.66 
Calcium oxide 135 
; : liaznesium oxide , 22.5 
Amphibole (calcium magnesium ‘ee oxiace-aluninum oxide - 5.0 
silicate) Si1404 56.5 


Alwaina 95.5 


Aluminum oxide Silica le 
titania | 295 
Lmereaing 47,09 
Clay Silica ; 45.60 
lAikalies 1.19 
Bentonite (Sodiun-cal cium—magne siun- ; 
y Si aineconieecay - 
Magbond (colloidal gelatinous [Silica 31,38 
binder and lubricant when Calcium oxide 24.26 
water is added) Magnesium oxide 11,29 
Sodium oxide 319 
Beryllium oxide 11,85 
. luninum oxide 22,50 
Beryl Silica 62,0 
| Alkalies Oe 31 
lkaline earths 1,/0 
: in ae Zirconium oxide 66, 64. 
Zircon, milled Silica 31.00 
Titania 4 


Alloys and metals 


Ferromanganese! . 
Standard grade fiancenees 80. 30 
Carbon 6,47 
Standard grade (nongassing) Same Same 
Mediun carbon grade Manganese 83051 
Carbon 1.35 
Medium carbon grade ; 
(nongassing) Same | Same 
Molybdenum 58,67 
Ferromolybdenum Molybae 1057 
Ferrotitanium itaniun Coe OH 
Ferrochromiun ae 2630 
Tungsten metal powder i oe 
Cobalt metal he ae 
Iron powder ) ron 96.6 
Nickel powder Nickel 98288 
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METALS THAT CAN BE WELDED AND THE COMMON MINERALS USED 


_ Aluninum, copper ana copper alloys, iron (cast, wrought, and malleable) 
and stecl and steel alloys, lead, magnesium and magnesium alloys, nickel 
and monol metal, and silver are woldablc. Tho metallurgical, chemical, 
physical, and thermal charactcristics of the motals greatly influence their 
weldability. Within their class, some of the metals weld better than 19/ 
others, and a factor in this is the use of proper fluxing material, Jennings 
covers the welding of 29 metals and alloys, and excerpts are: to be found 
Berein, 


Aluminum 


Aluninum is a readily weldavle metal, yet it has characteristics of 
its own that involve a technique somewhat different from that required by 
iron, steel, and other metals, All aluminum is coated with a thin film of 
oxide, and a proper flux is essential for either type of welding to remove 
tiie film during the welding operation, A flux should be used when aluminum 
castings are welded to cause the oxide particles to rise to tho surface and 
result in a clean, sound weld,. Tho amount of flux used por 100 fect of | 
torch weld ranges from 2 pounds for 1/16-inch~gage sheet, using oxy—hydrogen, 
to 18 pounds for 5/8-inch gage, using oxy~ecetylene, as stated in the 
Aluminun Co, dooklet "The Welding of Aluminum, " 1936, A welding rod of 
similar composition to that of tie job is necossary. Much aluninum rod is 
now ocing coated, four firms doing this, The Aluminum 0o, of Ancrica in- 
forms us that its compounded fluxes consist mainly of the chlorides and 
fluorides of sodium, potassium, and lithium. No. 22 flux is for torch weld- 
ing, anc Noe 25 is a dip-coated electrode. The percentage composition of 
the fluxcs cannot bo divulged. The rod (weld motal) is generally a 5-percent 
silicon alloy, althouzsh weld netal of different composition may be used to 
conform to the properties of the alloy being joined. 


According to the Northern Aluminum. Co. "The Welding and Riveting of 
Aluminum, ® 1938, fluxes are most frequently mixtures of alkaline halides or 
sulfates, such as fluorides, chlorides, sulfates.or bisulfates of sodium, 
ootassium and lithium, and often contain cryolite, the double fluoride of 
aluminum and sodium. Several good fluxes are on tne market. They can be 
used as a peste or dry, the welding rod being dipved into the powder, All 
traces of flux should be removed after a weld is complete, because fluxes | 
are corrosive to aluminum, A wash with hot water, followed by hot 5—percent 
nitric acicd or 10=percent sulfuric acic, and hot water azain should de enough, 
If a little acidified 2-percent silver-nitrate solution »vlaced on the joint 
gives a white precipitate, thc cleansing has been insufficient, 


Flux—coated electrodes are essential for the satisfactory metallic arc 
welding of aluminum and its alloys, Slectrodes of almost pure aluminum 


18/ American Society for Metals, Welding of Metals, by a Committee of 


Specialists, Metals Handbook, 1939, ppe 221-259, 
19/ Jennings, C. E., How to Weld 29 Metals: Westinghouse Electric & Mfg, 
Co., East Pittsburgh, 1937, 100 pre 
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can be used, but generally the most satisfactory results are obtained with 
an electrode containing about 5 percent silicon, although too much silicon 
lowers the safe temperature to which some of the strong alloys may be heated 
later ~ not above 930° F, Carbon are welding is not as flexibla as metallic 
arc welding for aluminum, accorcing to Jenaingse | 


A French patent (814,433, 1937) covers an electrode with its outer 
coating of higher melting point then that on the inner zonc, and a British 
patent (485,741, 1°32) is for coatings with melting points the roverse of 
the first patent. 


Directions on the Oxvweld acetriene Coe container of cast-aluminum flux 
for welding aluminum castings state that the welding rod should be warmed 
with the blowpipe flame and then diposed into the flux and, after welding, 
all traces of flux snould be removed completely by washing thoroughly with 
warm water. 


United States Navy specification BlFeo for aluninum flux is 32 percent 
sodium chloride (comion salt), 2! percent potassium chloride, 24 percent 
lithium chloride, and 20 percent sodiun fluoride. These ingredients are 
almost the same as those used in all oxyeacetylone welding and brazing flues 


Bliss, cited, says that scorce of formulas have been suggested or 
patented, The halides.of the alkalis have proved to be the best fluxes for 
aluminum oxide, ‘Lithium fluoride aad lithium chloride are the "aristocrats' 
of aluminum welding fluxes, and all the better fluxes on the market contain 
these salts, - : 


The fluxing comnouncs mentioned can be obtained from chemical supply 
firms, 


The Chemical Formulary (vol. III, 1935) zives the following flux for 
welding aluminums Potassium chloride, 79 ounces; sodium chloride, 16 ounces! 
potassium bisulfate, 5 ounces, This flux is best used with welding alunim= 
containing |} percent silicon. 


Lithium chloride and lithium carbonate are used as fluxes in welding 
aluminum and other metals to dissolve the oxide coating and to prevent 
oxidation of the molten metal. — 


E. R, Thews, the weiicinow metallurgist, writing on repair welding 
of light metal castings in Metal Industry (New York) for February 1940, said 
that the soivent fluxes for aluminua oxide should melt just below tne fusion 
temperature of the alloys welded, He also discussed the effective constitu- 
ents of fluxes, as already mentioned here, and the need for perfect mixing 
of the highand low-meltine minerals in fluxes. 


According to United States Patent 2,112,578 (1938) granted to Hans 
Rohrig, the welding seams formed by the srecueldine of itent metals, parti- 
cularly aluminum, have been porous because of gas absorption and irregular 
from other causes, To overcome this, it is proposed. to have a coating in 
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two lavers or sheaths, The following has proved to be satisfactory ‘for 
pure aluminum: Inner zone, 22~1/2 to 40 parts sodium chloride, 37~1/2 
to 50 parts potassium chloride, 10 parts lithium chloride, and 9-1/2 to 
18 parts chiolite (a form of ecryolite); outer zone, 15 to 45 parts sodium. 
chloride, 30 to 50 parts potassium chloride, 5 to 15 parts chiolite, and 
10 to 20 parts cryolite, If necessary, more then two zones may be formed, 


Copper and Copper Alloys 


Jennings, previously cited, states that the carbon-arc process employ~ 
ing a phosphorus-bronze filler rod produces the most successful results for 
welding copper, No coating on the rod. or flux is required, but high welding 
speeds are necessary to prevent formation of cuprous oxide as well as other 
conditions, Shielded=arc phosphorus-bronze filler rods have been developed 
to produce satisfactory welds on copper, One containing 10 percent tin and 
0.3 percent phosphorus is very suitable. 


In welding Everdur, a copper-silicon (3%)-manganese (1%) alloy, the 
metallic-arc and carbon-are processes may be used, preferably the latter, 
Everdur filler rods, with a little flux composed of 9C percent fused borax 
and 10 percent sodium fluoride, should be used, Everdur may be welded to 
steel, . 


Herculoy, a copper~silicon-tin alloy, may be welded similarly to 
Everdur . 


Yor welding bronze,: the Southern Oxygen Co, recommends that all parts 
be well cleaned with emery, The bronze rod should be heated and dipped in~ 
to the dry flux and applied to the joint, When tubes or light parts are 
brazed, a thin paste should be made and apnlied., A number of good fluxes 
for bronzes are composed of fused borax and boric acid. 7 


Bardtke2o/ states that copper is welded as easily as steol, but pre~ 
cautions must be taken because it absorbs oxygen during conductivity, which 
is six times that of steel, A welding flux is not absolutely necessary, 
but it is advisable to use it on. mai sections. Suitable fluxes consist 
chiefly of borax, 


United States Navy specification for a flux for welding brass, bronze, 
and copper calls for 4O percent sodium nitrate and 60 percent boric acid. 
These ingredients are virtually the same as thoso used in all oxy~acetylene 
welding and brazing fluxes, 


Hooke! states that in aid tuaanat of copper alloys a flux is usually 
desirable and generally necessary, He also says? 


20/ Bardtke, Paul, Technique of Modern Welding: Trans, from 2d German 
edition by Harold Kenney, Blackie & Son, Ltd., London, 1933, pp. 148-152, 

21/ Hook, I, 1., Copper and Copper alloys: Welding Handbook, 1938, American 
Welding Society, New York, 1938, chap. 30, ppe 569-570, 5736 
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' (a) Brazing flux. The usual commercial flux for silver solder~ 
ing, brazing, bronze welding, and so forth, is frequently a mixture 
of anhydrous sodium tetraborate, NaaBy7 (calcined borax, fused 
borax), and boric acid, HzB0,, It may be used dry or suspended 
in water-free alcohol and painted on the work,. If mixed in a 
small quantit;; and used immediately, it may be mixed with water, 
This males an excellent flux for alloys carrying copper, zinc, 
tin, manganese, cadmium, lead, and iron. 


It is moderately successful when silicon is present. It will 
not dissolve nickel, aluminum, chromium, or beryllium oxides, but 
may te used as a covering to prevent their formation, in part, at 
leaste : 


Frequently, sodium chloride (common salt) is added to the 
borax=base fluxes for the welding of copper, It acts as & cover~ 
ing ani cleansing agent. Occasionally, the flux is mixed with 
alkaline biflnorides to lower its melting point and make it more 
active, poe 


(>) Flux for silicon on alwiinum alloys, ‘These fluxes are 
usually similar tc the brazing fluxes, except that an addition of 
10 to 20 percent of sodium fluorides a sodium—aluminum fluoride 
(cryolite), is made, 


No flux for satisfactorily dissolving beryllium or chromium 
oxide is known. However, ty keeping the metals covered with one 
of the above fluxes, the refractory oxides of aluminum, nickel, 
chromium, and beryllium can be kept from forming to a certain 
extent and good brazes and welds can usually be made, 


Except phosphor=-copper brazing alloy, in the oxv-acetylene welding 
of electrolytic or ordinary copver a liberal apnlication of a good brazing 
flux is desirable, It helps in the flow of metal and aids in keeping the 
metal surface free of scale, In carbon—arc welding, a flux is not essen- 
tial, but a thin wesh of a finely ground brazing flux suspended in alcohol 
on basc metal and welding rod helps keep the metal clean and improves the 
flow of the weld metal, 4 


Jennings says, with regard to bronze and brass, that both may be 
welded by tne netallic and carbon-arc processes, but the composition and 
physical properties of the former vary over a wide range, and brasses con- 
tain zine, which volatilizes during weldins, Therefore, the procedure varies 
with these alloys, 


: Because of their difference in composition, red brass (85 percent 
copper) should not be brazed to yellow brass (70 percent eee, 


Beryllium copper (2-1/2 to 4 percent beryllium) is best welded ina 
flat position by the carbon-are process with subsequent heat treatment of tre 
welded area, A little flux may be added, 
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British Patent 472,371 (1937) provides for an electrode with a non- 
conducting flux coating of high melting point or of such wall thickness 
that the coating is fused off later than the core, so that a tubelike. end 
is formed, excludes air, and renders the arc stable, 


Iron and Steel 
Goneral 


In the past, and on occasion at present, considerable welding of 
wrought iron and steel has been and is being done at the blacksmith's forge. 
The pieces to be welded first are enlarged or "upset" at the ends and then 
"scarfed" or beveled, Both ends are noxt brought to welding heat and, while 
in tho fire, clean sand or borax is sprinkled on them, Then the bevelcd 
faces are laid on one another on an anvil and welded quickly by hammer 
blows, The oxide and dirt are forced out and a solid rod or bar results. 
Skill is necessary, One man ‘can handle small welds, but two are needed 
for large pieces, The enlargment caused by the weld can be swaged down 
to normal size on reheating, 


Under the auspices of the Literature Division of the ing3ngersng 
Foundation Welding Research Committee, Spraragen and Claussence/ review 
coatings and fluxes in the welding of steel, and excerpts from their paper 
apoear here and in other parts of this report. 


They find that no single type of composition of coatings or flux is 
best under all circumstances. Coatings are difficult to classify. At 
rresent, the division into organic and inorganic seems most useful, although 
some authorities prefer to subdivide the inorganic into flux-coated (mainly 
sodium and calcium compounds) and slag—coated (mainly silica and silicates) 
and to include a mixed organic-inorganic type. The review reveals many 
differences of opinion regarding coatings and fluxes, and space is not 
available to reprint the findings on the numerous minerals tested and tried. 


Although there may be other functions of electrode coatings, 19 are 
listed. These include the effect on the welding atmosphere; stabilizing 
the arc; performing metallurgical refining operations such as deoxidation; 
producing a smooth weld; dissolving scale or rust; providing a slag of low 
melting point, low density, and low viscosity; making good the losses of 
metallic elements in the electrode by burning; adding alloying elements to 
the weld metal; permitting a longer arc to be held, so that globules do not 
short-circuit the gap; retarding the rate of cooling and solidification of 
weld metal; permitting use of different types of current; reducing spatter 
or fume; and providing a slag that is easily separated from the deposit, a 
slag that is immiscible in weld metal, and a slag to cover the weld puddle 
completely. 


e2/ Spraragen, W., and Claussen, G. E., Coatings and Fluxes in the Welding 
of Steel ~ A Review of the Literature to January 1, 1938: Welding 
Joure, vol, 18, May 1939, pp. 153-165, including 1 page of 14} ref- 
erences, | | . 
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Spraragen and Claussen state that as there is an almost complete 
absence of srstomatic research on stcclewelding fluxes and, as there is a 
great assortment of proprietary compositions, little need be said of fluxes 
for gas and other methods of welding. 


The slag in welding is a nonmetallic substance that covers the surface 
of the solidified weld. Tf the weld is made in a neutral atmosphere with 
a bare rod, no slag is present. A covering of iron oxide gathers on the 
surface of bere electrode welds deposited in air, The physical behavior 
of the slag during welding is not fully understood, 


Inclusions of gas or nonmetallic material such as silicates and sul- 
fides have been blomed on occasion for the erratic behavior or spatter of 
an electrode, Inclusions in base metal, it may be supposed, exert the 
same effects as inclusions in the filler rod. 


Viscosity of the slag and netal and the effect of surface tension are 
more or less important factors in welding, 


Minerals Used and Their Effects 


Comnon coating constituents used for slag-forming are silica, man— 
ganese dioxide, iron oxide, amphibole (a complex silicate of magnesiun, 
calcium, and iron), rutile of 95 vercent titanium oxide content, and feld- 
spar (chiefly alkali aluminum silicate), 


Asbestos. ~ Asbestos, the blue and white varieties, low in lime and 
respectively fibrous iron silicate anc hydrated magnesium silicate, are 
essential constituents of coatings. Various effects are ascribed to these 
minerals, When made into a coating with sodium silicete, the blue variety 
decarbonizes the weld metal and lowers the manganese content, or it absorbs 
metallic oxides in the molten state, according to two investigators, The 
white variety, when magnesium ferrous silicate is adjed, yields an easy— 
flowing light slazs. Sodium silicate is almost generally used as a binder, 


United States Patent 1,937,574 (1933), issued to R. J. Johnston and 
assigned to John A, Roebling's Sons Co., includes a metal core coated with 
asbestos and with an overlying coating of at least 46 percent silica and 
also a flux containing oxides of calcium, titaniun, and manganese, 


Asbestos is found in serpentine as a rule, occurring as veinlets 1/2 
inch to 6 inches wide, The principal mineral is chrysotile, The rock is 
cobbed and sorted and then milled, The price deperds on the grade and 
length of the fiber, whether it be for spinning purposes or for making 
sheets and other forms, The United States produces some chrysotile (white 
variety), and Canada and Russia mine considerable tonnages; Transvaal pro- 
duces crocidolite (blue variety) where it occurs in ironstone. 


Graphite. - Graphite is used as a deoxidizer, Other minerals added 
to coatings for deoxidation are aluminum in several forms, silicon, man- 
ganese, titanium, vanadium, and boron as sutoxide, Wood flour is also 
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used for this purpose, Although there are exceptions, one investigator 
believed that alloying elements are always pouies added through the coating 
than througn the rod, 


Thermit, — Thermit wenaide has been termed a "casting process," with 
& scope only in the repair of heavy parts, such as of broken machinery, or 
the joining of steel rails, "Thermit" is a trade name (Metal & Thermit 
Corporation) for a mixture of 2 parts finely divided aluminum and 1 part 
iron oxide, with oa ae elements as nickel and manganese. Up to a ten- 
perature of 2,800° it is inort. (It can bo ignited with a strip of 
magnesium, ) At fae point, the aluminum unites with the oxygen of the 
iron oxide, and the iron is.set freo as a highly superheated liquid steel 
at a temperature of approximately 5,000° F,, according to "Thermit Welding" 
of the Metal & Thermit Corporation, If the ends of the pieces to be united 
have been prepared and preheated as by a gasoline burner and the molten 
thernit run into them, the ends will be melted together into a nomogencous 
mass or a fusion weld, The excess metal is then trimmed off by !.rd or 
by machine, as is most suitable. Such welding may be seen along street 
railways in any city, but because of glare the operation should not be 
watched too long. _ 


There are several modifications of thermit mix, such as alumino- 
thermit, calco—thermit, magneso—thermit, mangano-thermit, silico—thermit, 
and titano-thermit, United States Patent 1,953,382 (1934) to Franz Wort- 
mann covers a rod of metal with 50 percent alumino—thermit, 15 percent . 
silico-thermit, 15 percent mangano-thermit, 5 percent each of carbonates 
and hydrates, and the balance nondetrimental impurities. 


Cast Tron and veel 


All cast irons save alloy cast irons are relatively weak and brittle, 
and special precautions must be taken to prevent cracks when they are welded, 
The use of coated electrodes has lessened the bother of poor fusion result= 
ing from the ashy and sandy residue formed at the fusion zone, caused by 
the state of the carbon, according to Jennings, 


United States Navy specification 51-F2> calls for a flux containing 
5O percent sodium nitrate, 2/7 percent sodium carbonate, and 23 percent 
sodium tetraborate for welding cast iron and steel. These ingredients are 
virtually the same as are ‘used | in all oxy-acetylene welding and brazing 
fluxes, : | 


For welding cast iron and steel castings, the Oxweld Acetylene Co, 
suggests that the welding rod be warmed in the blowpipe flame and then 
dipped into its Ferro-Flux, This dissolves iron oxide and forms a fusible 
slag, which rises to the top of the — Sand and other impurities are 
also removed, 


In welding cast iron, Glenn V, Ireland, United States Patent 2,171,306 
(August 29, 1939), would avoid formation of white-iron layers in the weld 
because of their brittlencss and extreme hardness in machining, He would 
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use a low-carbon stecl rod or low-carbon nickel steel, also a low-carbon 
coating and noncarbonaccous binder where possible, although a clear lacquer 
can function. The coating should include the compounds of boron, iron, 
and sodium with a deoxidizing agent like ferrosilicon, ferromanganese, 
phosphor-copper, magnesium, aluminum, ferrotitanium, or boron alloys. For 
applying the coating, the ‘aqueous suspension of ground powers can be 
thickened with clay or bentonite. If a lacquer is used as a binder, it 
can be caused to jell or thicken by addition of potassium permanganate, 
chromic acid, or an alkaline chromate. 


Tibbenham! s23/ new book, for beginners and for experienced welders, 
is on the welding of cast iron by oxy—acetylene. Included are sections 
on fluxes and coated rods, but as we have had no opportunity to read this 
book.~only two favorable reviews -his remarks on reagents used, are un= 
available at this time, 


Wrought Iron 


Wrought iron is easily and strongly welded by gas or by arc, This is 
attributed to its self-fluxing slag or iron silicate content, which amounis 
to 1 to 3 percent in iron of the Aston or Byers process, The slag is dis- 
tributed throughout the iron in the form of threads and fibers, which exten 
in the direction of rolling. Each material has its own fusion gemperature ~ 
the iron at 2,730° F,. and the slag component at 2,100° to 2,200° F, Sound 
welds result from tho protection afforded the metal by the fluxing action 
of the slag, according to The Welding and Flame Cutting of Wrought Iron, 

A, M, Byers Co., Pittsburesh, 1939. Any high-quality, low-carbon rod, such 
as supplied by Air Reduction Sales Co, and Linde Air Products Co., should 
give satisfactory results with wrought iron in gas welding; and those of 
Tne Babcock & Wilcox Co,, Champion Rivet Co., General Blectric Co,, Lincoln 
Electric Co., Metal & Thermit Corporation, Una Welding, Inc., and Wilson 
Welder & Metals Co. are suitable for electric welding. Rods that contain 
alloys of any kind are not recommended for use with wrought iron. Hither 
bare or coated rods may be used, 


Stainle ss.and Rustless Steels 


For stainless steels, different types of fluoride fluxes are reported 
to be the most satisfactory; fluorsper is generally used, Sodium or potas- 
slum bifluoride may be used with borax or borax and boric acid, Tue potas- 
sium salts are preferable to those of sodium, A flux of 1 part borax and 
l part boric acid made into a paste with a saturated solution of zinc 
chloride is suitable. 


Jennings, previously cited, described the welding of stainless steels 
and other steels and irons at considerable length. He refers to the addi- 
tion of titanium or columbium in 1838 steel to prevent carbide precipitation 


23/ Tiboenham, L, J,, The Welding of Cast Iron by the Oxy—Acetylene Process: 


Isaac Pitman & Sons, London and New York, 1939, 88 pp. (From Steel, 
Cleveland, Ohio.) 
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They are also added to prevent intergranular corrosion, Kelleyot/ iGeneual 
Electric Co.) states that the brazing of stainless steel reouires parti~ 
cular skill, 


In welding rustless and stainless steels, the flux may be used ary 
(the welding rod being dipped into it) or wet as a paste. British Patent 
31,584 (1935) covers a flux of 60:40 powdered borax glass and potassium 
fluoride, 


Stainless<clad steel (20 percent stainless on mild steel) welding 
has presented a problem, but the Jessop Steel Co., Washington, Pa., has 
overcome this by scarfing tne mild steel, cending over the cladding, woeld- 
ing the two claddings, turning over the welded plates, welding the underside 
of tno cladding, and filling the hollow in the mild-stecl backing, 


A new method of welding zinc-coated iron by means of tin«coated 
electrodes and a carbon are is reported. 


Pick-Up and Recovery 


Henry and Claussen, previously cited, discuss "pick-up" and "recovery" 
in welding iron and steel, They say, in part: 


_ Pick-up, ~ The third difference between the welding of plain~ 
carbon and alloy steels is found in the behavior of the alloying 
elements in the weld melt, If we melt iron in air, the iron ab— 
sorbs or picks up a little nitrogen and also reacts with oxygen 
to form an oxide slag, If we melt a high-carbon steel in air, 
the carbon in the steel reacts with the oxy;:en to form gaseous 
carbon monoxide, which bubbles out of the steel, There is a 
loss of carbon, Similarly, if we melt an alloy steel in air 
there may be absorption of gases, formation of slag, or loss 
in alloying elenents, 


It is true that when we make a flanged weld without filler 
rod, the weld melt may pick up geses,***®, The more usual sense 
of the term "pick-up" relates to the welding of an alloy steel 
with a filler rod of a dissimilar steel, For example, suppose 
we weld 3 percent nickel steel with a nickel—free plain-carbon 
steel rod: The operator melts the filler rod into the scarves, 
but also melts a little of the base metal to secure a perfect. 
joint. The mixture of base metal with filler metal which forms 
the weld melt, therefore, contains some nickel, perhaps 1 per~ 
cent the pick-up ex 


Pick-up is important in the welding of plain-carbon steel 
with 18-8 electrodes,*** 


Kelley, F. 0., Properties of Brased 12=percont.: Chromo Stool: Tron 


Age, yol, 144, Beemer 2, 1939, ppe 33-35. 
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‘Because alloying elements may pass from base metal to 
weld melt, it might be supposed mistaxenly that alloying 
elements also might pass from tne weld to the base metal. 

The two situations are not identical, The weld melt picks 

up alloying elements from base metal because the latter is 
melted into the weld. The alloying clement itself is not 
abstracted from the base metals: tho alloying clement and 

all other clements in the melted region are stirred into 

the agitated pudale. On tho other hand, for alloying elements 
to pass from the weld melt to base metal they must enter and 
travel through the crystal of base metal, The passage of 
alloying elements through crystals of steel even at high ten- 
peratures is extremely slow, as the slow processes of nitrid— 
ing and case-carburizing reveal, ; 


Recovery. -— "Recovery" is the amount of alloying elements 
in the weld deposited by the filler rod of any kind, 


The deposit from a bare eloctrode containing 0.50 per 
cent © generally will contain not over 0,05 percent C. The 
recovery is 10 percent. If the clectrode is coated, the carbon 
recovery may rise to 50 or 100 percent, depending on the coat- 
ing. Copper is recovered completely in depositing a copper- 
steel rod because copner has a high boiling point and less 
affinity for oxygen, nitrogen, and other gases that may be 
present in the welding atmosphere than iron, Silicon, on the 
contrary, often is oxidized complotely from a bare electrodc,. 
Recovery of alloying elements, sucn as chromium anc tungsten, 
is not a responsibility of the operator, The manufacturer of 
the rod may coat it, if the rod is for arc-weldins, or may 
add some other ingredient or may employ 4 suitacle flux which 
will reduce the elenent to the melt from the slag in gas— 
welding. Sometimes, electrodes have the alloying cloments 
in the coating instead of in the rod itself. Low recovery of 
an alloying clement may bo due tc the low boiling point of the 
clenent (volatility) or its tendency to join the slag (affinity 
for oxygen, nitrogen, or other gas), or to incorrect welding 
procedure (overheating of the melt). 


Sritish and European Problems 


During May 1935 The Iron and Steel Institute, CE) @ symposium 
on the welding of iron and steel and pudlished two volume of the pro~ 
ceedings. Several well-known Americans ani Europeans participated, The 
whole makes a valuable contribution to the extensive literature on welding} 


25/ The Iron and Stccl Institute (London), Symposium on the Welding of 


Iron and Steel: Vol. 1, Practice and Problems of Welding in the 
Engineering Industries, 1935, 676 ppe; vol, 2, Welding Practice and 
Technique, Including Welding Apparatus: The Metallurgy of Welding; 
Specification, Inspection, Testing and Safety Aspects of Welding, 
1935, 974 pp. 
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except for a few items here and there, the text does not fit in with this 
circular, but some excerpts have been made and incorporated, Spraragen 
and Claussen's review of the literature, cited here, refers to several of 
the papers. | 


Lead 


Like silver, lead has the property of self-diffusion or flow at 
ordinary temperatures, and two surfaces brougnt together at moderate 
pressure will weld, 


‘The uniting of pieces of lead is generally termed “ourning," but _ 
it is a welding process, United States Patent 2,122,185 (1938), issued ~ 
to A, A, Smith, Jr., and assigned to the American Smelting & Refining Co., 
claims the successful use of sodium acetate flux, added to the job either 
as a coating on the "burning rod" or as a powder, This material is suit- 
able for joining lead or lead alloys as in storage batteries. 


Magnesium and Magnesium Alloys 


Considerable skill and cleaning and fitting of pieces are required 
for welding magmesium alloys, according to H, Menking, American Magnesium 
Corporation, Cleveland, Ohio, in Metals Handbook, 1939. The welding rod 
should approximate the composition of the work, and a special welding 
flux is needed, Preheating is advisable, After welding, the flux must 
be removed by hot water and a wire brush, 


Oxy—acetylene is commonly used in welding, also magnesium chloride 
and some alkali as flux, sparingly and carefully removed soon after, 


German Patent 671,534 (1935) would clean magnesium or its alloys with 
phosphoric acid, pyrophosphoric acid, or metalphosphoric acid or phosphates 
before soldering or welding with the halogen salt powder of patent 658,755 
(1938), alkali or alkali earth chloride, and borate, oxalate, bisulfate or 
phosphate, 


Two British patents (463,434 and 467,155, 1937) refer to fluxes for 
magnesium and alloys. The first patent covers the use of lithium chloride, 
potassium fluoride, and phosphoric acid; lithium bromide, potassium fluoride, 
and potassium orthophosphate; sodium orthophosphate, manganese dioxide, and 
a mixture of sodium chloride, potassium chloride, and lithium fluoride, 

(The second patent is a modification of the first.) 


French Patent 796,600 (1936) was issued for a soldering agent for 
magnesium whose reaction products do not attack the metal, Potassium ortho~ 
phosphate is said to be suitable, with 1 percent manganese dioxide, 

In United States Patent 1,968,984 (1934) specifications, W. 0. Binder 


(The Dow Chemical Co., only producer of magnesium metal in the United States) 
states in part! 
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I am aware that many attemouts have been made to develop 
welding fluxes suiteole fer use with namesiun and its alloys, 
and ealthouch a very few fluxes herve toen vroduced vlhich een be 
so used, still noc of evch Pluses ean te considered as wholly 
satisfactory, The molting point of magvesima 1,c04°R, and 
its alloys is so low thet difficulty Jc had in obtaining weld-= 
ing flux mixtures vhich will heave a melting point lower than 
the meiting point of the metal, are non-hyeroscopic, ao not 
react witna tno metal, and do not conteia heavy metal compounds.*** 


#ek*kA spocific composition suiteblie for practically all vur- 
poses ir connection with the autogenous welding of magnesium 
and magresium alloys is as follows: Barium chicriae, 40 percent: 
potassium chloride, 30 percent; sodiun chloride, 25 percent; 
lithium fluoride, 5 percent. 


The first three listed are fused, and then the last is mixed; then 
they are pulverized suitably for coatins the welding rod or for sprink- 
ling over the welding area, 


Because tne common halide fluxes used in welding mamesium cause 
corrosion through inclusions of the flux in tne weld, a furtnor addition 
or treatnent is necessery to prevent this. In United States Patent 
2,171,041, August 29, 1539, J. M. Michel (assignor to the Masuesium Develor 
ment Corporation) would use phesphoric aci¢s and their acid salts to bring 
about volatilization of all halide during the welding. Some manganese 
_Gioxide assists, Maopotassium phosnnote, voric acid, and even oxalic acid 
can be employed for tiie same purnose, 


Nicitel and Monel Metal 
Nickel and esa 14 goes are welded res.larly by all the processes. 
emploved with steel,=~ The heavily flux-coated electrode of the shielded- 
arc type has improved the arc-welaing cnaracteristics of these metals, 


a @ 
Flocke and Schoener2L/ sav, in regard to fluxes when welding with 
ass 


A flux is always used for monel (except for égas-welding 
monel with the silicon-monel gas—welding rod for picirling service), 
but none should be used with pure nickel,*** Flux may be used 
either as a dry powder, into waich the heated end of the rod is 
dipped, or preferably as a thin paste, 


26/ The Lincoln Electric Co., Procecurc Hondbook of Arc Welding « 
Design and Prectices 5th ed., 1933, pne 275, 277. | 
e7/ Flocke, F. G,., and Schoener, J. G., Nickel and High Nickcl Alloys: 
Welding Handbook, 1938, Am. Welding Soce, New York, 1938, chap. 32, 

YP e 615~616, 
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Borax improves fluidity of the molten metal, tut when 
present in large proportions, the extra fluidity is accon= 
panied by lack cf cuctility in the finished weld. Borax does 

not dissolve the metallic oxides sufficiently to produce the 
clean appearance soretines necessary, enc it is rather difvi- 
cult ‘to renovee | 


The flux used should not corrode the high nickel alloys 
and need not be removed on this account. However, it is 
usual procedure to remove it as a mattcr of cleanliness, and 
this is epee done by dissolving in warm meters 


United States Patent 2,100,545" (1937), Resned a H, W Hiemke and 
assigned to A, O, Smith Corporation, covers nickel or nickel alloy rods 
heavily covered with a mixture of 12 parts titanium dioxide, 13 parts 
wood flour, 6 parts ferromanganese, and sodium silicate to protect the 
wood flour fron prone are decomposition and to. enter the slag. 


Graphite Cr 65 percent has deen found "eminently satisfactory" — 
for an alloy such as monol metal, according to United States Patent 2,139,522 
(1938), issued to T. 0. R. Shepherd and assigned to the General Electric Co 
The carbon presents a shielding atmosphere during welding. 


Silver 
The following items “are from Leach! oA! notes on silver soldering: 


Common borax and mixtures of borax ‘(NaoBy0 ) and boric 
acid (Hz BOz) have been used for many years as fluxes for 

silver Zolder ine and brazing. Borax is fluid atl, 400° Bey 

but begins to thicken at temperatures below this point. Tho 
addition of boric acid tends to make a more viscous flux, but 

it is not as active as borax in dissolving oxides of metals. 
Boric acid, when heated, does not bubble like common borax, but 
spreads over the Bueiace of the joint, thus protecting it from 
oxidation, The bubbling of borax when heated results from the 
driving off of water of crystallization, but this can be avoided 
by using fused borax, Water must not be used to make a paste 

of fused borax, as it will rapidly cake, but alcohol is suitable, 


The dry flux can be sprinkled along the joint, but if a 
torch is used for heating it is. better to warm the joint so 
that the flux will adhere and not blow away. When filings of 
solder are used, the flux can be mixed with them before 
sprinkling along the joint. , 
28/ Leach, R, H,, Silver Soldering? Valding Handbook, 1933, Am, Welding 
Petes "New York, i chap. 18a, mg 340-341, 
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A thin paste is a satisfactory form because the flux can 
be brushed over the surface and an even coating applied. In 
brushing the flux, care should be taken to go back and forth 
over the surface bo make sure that there are no bare spots. 


When using borax as a flux, a hot saturated solution | 
brushed along the joint will leave a heavy coating of flux,*** 


Prepared fluxes are made by reliable companies in the 
form of powder, paste, and solution, and can be purchased 
direct from the manufacturers or from supply houses or dis~ 
tributing agents, One should keep in mind that one of the 
advantages of silver solders is thcir low melting points 
(1,160° to 1,510° F.) and select a flux that is fluid and 
active’ at the melting point of the solder, . 


A low-temperature brazing flux is made by Handy & Harman, It is 
composed of approximately equal parte of potassium acid fluoride (KHF5), 
potassium tetraborate (K53),07.5300), and boric acid (H3B03), It melts 
at 760°, is compiLetely fluid at 1 ,» 100°, and is stable up tol, 600° F. 
This flux will readily absorb metallic. oxides at a comparatively low 
temperature and is-varticularly able to adsorb chromium oxides — rather 
an advantage, particularly when work is being done with low-temperature 
brazing alloys that contain silver and have melting and flow points in 
a temperature range of 1,100° to 1,600° F, 


: (Although not concerned with fluxes, it is of interest that two 
silver sheets or strips in contact with each other will adhere at 200 

to 400° C, at pressures up to 45,000 pounds per square inch, This so- 
called cold welding is accomplished by self-diffusion, also a property 
of lead, Butts and Van Duzee and Van Duzee and Thomas have covered tunis 
property of silver 29/) 


Dissimilar Metals 


Miller's reviewo/ of welding progress during 1939 refers to the 
welding of dissimilar metals, ile says in part: 


In percussion welding, a process claimed to permit in 
general the welding of any two pieces of metal without re- 
gard to their similarity as to thermal conductivity or 
material has been developed, Thus, 2 rod of copper may be 
welded to one of stainless stecl:; S,A.E. 1045 stecl to 
stellite (cobalt, tungsten, chromiun); sine to aluminum; 
cast iron to copoer, and others, Furthermore, heat-treated 
parts are said to be welded without effecting the heat treatment. 


29/- Butts, Allison, and Van Duzce, G. Re, Cold Wclding of Silver: Trans, 
oe Soce, vol. 74, 1938, Dpde 327-3363 discussion, ppe 337~ 
339. Ven Duzec, G. R., and Thomas, J. Ms, preprint 77~6, April 29, 
190, ppe 78-82. 

30/ Miller, RL E., Welding Serves Industrial Upswing: Iron Age, vol. 145, 
January 4, 1940, pp. 114-116, 11¢, 160-162, 
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Monel or nickel can be welded to steel, also, In this process tho 
two areas are brought into mechanical contact, simulating a hammer blow, 
This is the Vanco process of percussion welding, United States Patent 
2,159,916, issued to Alfred Vang, May 23, 1939. 


Fluxes for Certain Metals as Used oy One Firm 


Welding fluxes for bronze welding, cast-iron welding, aluminum 
welding, and stainless-steel welding are manufactured by The Linde Air 
Products Co,, a unit of the Union Carbide % Carbon Corporation. These 
fluxes contain, in various combinations, the following materials, accord~ 
ing to J, G, Romer, assistant manager, apparatus sales: Borax, boric 
acid, borax glass, soda ash, snow-flake crystals (7), iron oxide, salt 
(sodium chloride?), potassium chloride, lithium fluoride, and sodium boro- 
silicate, : 


Early in 1940 this firm issued a chart of its recommended welding 
methods, flame adjustments, welding rods, and fluxes for welding a variety 
of commonly used metals and alloys, | 


WELDING INSTRUCTION 


As may be judged from perusal of the foregoing pages, welding is 
metallurgy in miniature plus a special craftsmanship that must be acquired 
before the desired results can be obtained, Instruction in the craft is 
common, and many schools are mentioned in the following review of the sub- 
ject. For training welders as craftsmen, this is as it should be; but 
certain technical schools for higher edusation should include instruction 
for the skilled metallurgist and should include a groundwork of principles 
in addition to teaching craftsmanship, This is done in several schools, 
E, G, West, in reviewing welding and weldability of certain nonferrous 
metals in The Metal Industry (London) for January 19, 1940, believes that 
"Every welding craftsman must be trained on a broad fundamental basis 
before details of the necessary technique can be fully appreciated," 


Public Schools 


In the District of Columbia, the Board of Education offered instruc- 
tion in welding to apprentices for about 3-1/2 hours on 3 nights a week at 
the Abbot Vocational School recently closed, Electric and oxy~acetylene 
welding is taught. The class work includes instruction in fluxes and coat- 
ings. Spot welding and some brazing are done in McKinley High School in 
connection with forging and motor~vehicle work, The Southern Oxygen Co, 
supplies electrodes and fluxes. | 


In Pittsburgh, Pa,, the Connelley Vocational High School, Board of 
Public Education, gives a 12~unit course in oxy-acetylene and electric 
arc welding, This includes setting up apparatus (1.unit) and mantpulatfon 
of torch (2 units), about 70 units for welding iron and steel of various 
forms, 5 units each for aluminum and bronze, and 2 units each for copper 
and lead, | 


7648 ~ 5l - 


Google 


I, C, 7121 ; 


Night courses in welding are now given by a unit of the public schools 
systen in Salt Lake City. 


Colleses 
The Alabama Polytechnic Institute, Auourn, Ala,, gives instruction 
and practice in welding irons and steels and nonferrous metals oy the oxy- 
acetylene and clectric processes, also consideration in the weldability 
of metals in the Departaent of Industrial Engineering and Shops. The 
lavoratory fee is $3 each semester, 


Carnegie Institute of Technology, Pittsburgh, gives a half-year 
course or 1 year course, On 5 nights a weex, 4 hours are devoted to lec- 
tures on equipment, gases, methods of welding various metals, and shop work 
end on oxyacetylene welding and cuttines, This course and No, 2 aro given 
during the first or second semester, Similar periods are given to electric- 
arc welding, and lectures cover equipment, bare, flux~coated, and shielded 
arc electrodes, and the welding of variovs metals, Carnegie has a spacious 
and well-equipned laboratory, Shop work consists of welding steel in 
horizontal, vertical, and overhead vositions, The tuition fee for each of 
these four courses is Sal. par semester, The Department of Metallurgical 
Engineering lectures on vwolding metallurgy — the production and working of 
metals and alloys, ara of metals and alloys, welding methods, and 
5a ty of metuls This is a one=-semester course with a tuition fec 
of $9. 


In the Mechanical Engineering building, Colorado State College, Fort 
Collins, Colo., forging and welding include the worting of iron and steel 
at the forge and oxy—acetylene and electric-are weldinz, Doth for farm 
requirements, 


The workshop of the Collese of Engineering, University of Colorado, 
Boulder, Colo,, can accommodate 20 students at each seszion, The equipment 
includes oxy~acetylene welding apparatus, a Lincoln shielied arc-—welder, 
an Omaha electric welder, and accessory tools for welcing, forging, and 
tool-dressing. 


Instruction in the forge shon of the Departmont of Mechanical Enginecr- 
ing, University of Idaho, Moscow, Idaho, includes oxy-acetylene welding. 


One of the cooperative investigations of the University of Illinois, 
Urbana, I1l,, listed in the annual resister for 1936-37, was on fHigid 
welced joints with the Research Committee of the Chicago Section of the 
American Welding Society, This study was being made in the Engineering 
Experiment Station, 


A gas and clectric welding course is given by the International 
Correspondence Schools, Scranton, Pa, This comes under the "School" of 
Mechanical Engineering, The subjects taught include arithmetic, elemen- 
tary chemistry, metallurzy of ferrous and nonferrous metals and fuels, 
welding equipment for all purposes, ond all methods of welding, 
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The engineering course in the University of Marylard, College Park, 
incluces lectures on welding and lavoratory practice, 


wassachusetts Institute of Technology, Combridze, has an advanced 
course in welling engineering for stivdeits who e:pect to be actively en- 
gaged tnerein, Metallosranhy of welded joints is studied, 


Forging, shop heat-treating, and welding by gas ana electric are aro 
assiened 6 hours cf lecture aud leboratory each week in the College of Engineer~ 
ing, Ohio State University, Columbus, Ohio, 


The curriculum leading to the degree of B. S. in industrial education, 
College of Fngineering, University of Oklahona, Ncerman, Okla., includes a 
covrse in the weldinz of metals and alloys by the oxyacetylene process. 
The fee is $10, 


Two theses on welding are listed in the Bulletin (Library Studies 1 
1938) of Pennsylvania State College, State Collegco, Pa.: One in 1922, by 
M. M, Babcock, An Investigation of Oxy~acetylene Welding of Steel Plates, 
for the degree of M, S., and cne in 1952, by EH. S, Anderson, A Study of 
the Metallography of Welding, for tie degree of Met, B. The shops in the 
School of Engineerjng can deal with lisht forgings and gas and electric 
welding, 


The equipment in the forging, heat-treating, and welding laboratory 
at Purdue University, Lafayette, Ind. includes an acetylene~gas generator 
and 26 gas-welding aud cutting outfits, 11 electric-arc welding stations, 
2 spotewelders, anc 1 butt welder. 


Polytechnic Institute of Brooklyn, N. Y., offors, in addition to the 
actual welding work given in the shop, a course entitled "Welding and 
Design", “This consists of 45 hours in class and demonstrations of welding 
processes, also, in connection with the New York Section of the American 
Welding Society, a 10-session lecture course in the evening. 


At Renssclaer Polytechnic Institute, Troy, N. Y., mechanical engineer- 
ing undergraduate courses in elementar: shop work include exercises involv— 
ing upsetting, drawing, bending, and welding, In metallurgical engineering, 
the undergraduate courses include one on the theory of welding and laboratory 
work designed to familiarize students with welding methods and so make them 
able to select the best one for particular anolications, The cffcect of 
welding heat in causing deflection and internal stresses and in changing 
strength, hardness, and grain structuro is cxplained. 


In Rutgers University, New Brunswick, N. J., undergraduates in 


mechanical engineering have recitations on ard practice in elementary machine- 
shop work and welding. 


' ‘The welding course at Utah State Agriculture College, Legan, Utah, costs 
$25. Gas and arc welding of all metals is taught and practised, as well as 
preheating and preparation of cylindcr blocks and other castings. 
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Shop facilities in the University of Utan, Sait Lake City, Utah, 
are complete for all trpes of welding, 


The laboratory in manufecturing methods, University of Washington, 
Seattle, Wash., has three major divisions, welding and heat-treating being 
one. It has two electric-arc welding machines, a spot welder, oxy-acetyle=x 
welding and cutting equipment, and prorile-—cutting machine, 


In addition to the foregoing instruction, Lincoln Electric Coe, 
Cleveland, Ohio, well-known maker of welding appliances and publisher of 
bulletins and the Procedure Handbook of Arc Welding ~ Design and Practice 
(in its fifth edition, 1012 pages) encourages the study and operation by 
giving a UW-woek free training course in wolding at its plant in Cleveland 
and assists in the advanced course (fce, $10) given in the John Huntington 
Polytechnic Institute, Clovelana, Through the Janes F, Lincoln Arc Welding 
Foundation, this firm also offors lidcral cash prizes for the bestewritten 
theses on welding, 


zraining in Britain and Lurope 


At tae srmocsium on weldinz iron and steel in London in 1935, previous 
ly mentioned, tne director of naval construction stated that far more atten 
tion ws ‘Heine 2 iven in Ungland and avroad to the training of welders than 
formerly, when there was a tendency to assunc that the actual operation of 
welding was a simple mattor calling for little skill or training. The 
assumption that ony man of avernge ability, after a few lessons in the 
handling of an electrode, will cevelop into a successfvl welder, is not 
justified by emericnce, A certain sense of touch is necessary, without 
which it is impossible to use an clectrode proper). 


W. Spraragen, previously cited, wrote on weldirg research in the 
United States at this symposium, He estimated that not aore than a quarter 
of the possibilities of welding have been fully c:mlorcd, This is not 
strange wien one considers the complex metallursical vrobdlems and the large 
numoer of variables generally involved, Good results in any specific case 
usually may be odtained in a variety of waySe 


E, A, Atizins, also at the symposium, thought that there can be no 
doubt whatever that the chief factor in the production of high-class welded 
work is the welder, All the work of the designer, metallurgist, and plant 
engineer may be useless unless the welder can be relied upon to prcduce 
work of the highest quality. Some welding jobs are simple, eee ’ Other . 
work demands the highest skill resulting from lonz training @ “5 sedence, 
Many welding classes are held in technical schools, eollercs,.. nti + Grkshcps, 
but this short training is only groundwork, which must be supyriens. t2d by 
zood shop exmerierce, The best welders usually are men recruited from the 
various metal-working trades, 


D., He. Ingall and D, D. Stockley, Borovush Polytechnic, believe that 
the function of 2 technical institution i: to serve industry. Because of 
the great crynansion in wolding there is a cearth of well-trained men, Full- 
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time day courses and part-time evening courses are given in Great Britain 
but these snould be developed further, A central school of welding, com- 
pletely equipped, was proposed, | 


In Burope, Ingall and Stockley said the system of training reflects 
the ideas of industry, which more or less finances the schools. The methods 
adopted vary, but many commence with boys at the age of about 13, and the 
training constitutes essentially an apprenticeship for the trade, The ob» 
jective apnears to be to produce good tradesmen or foremen and not merely 
operatives suited for a certain type of machine. 


ADDENDUM 


Soon after tais review on Minerals Used in Welding had been completed, 
the authors read an expertly written and concise article on the subject by 
Andrews, L/ an Kaglish metallurgist, and felt that it should receive 
special mention, even to recommend it as instruction in classes on welding, 


To simplify the ap»roach to the subject, Andrews confines his article 
to the arc-welding of mild steel and to classify broadly the types of 
electrode available, He considers it rather surprising that sone degree 
of standardization of the types of flux coating used has not yet been de- 
veloped, Manufacturers of electrodes offer the welding industry a large 
variety of products, and the range appears to be expanding, ravner than 
contracting, into a number of recognized types, ‘The reasons for this lie 
partly with the inspection authorities (British), partly with the users of 
electrodes, and partly with the manufacturers, Many outdated tzpes of 
electrode often remain in use and continue to be manufactured, 


Andrews states that the classification of fluxes is complicated by 
the necessity for considering the methods of manufacture. Most modern 
fluxes consist of a mixture of minerals, chemicals, and alloys homogeneously 
bonded with an alkaline silicate solution, Subsequent drying gives a hard 
cement of reasonable permanence, though all fluxes suffer deterioration if 
stored for any length of time under excessively damp conditions, especially 
where the atmosphere contains, in addition, a high proportion of carbon 
dioxide, 


The functions of flux coatings are discussed, The earliest fluxes 
were much simpler than those in general use today and often consisted of 
simple iron oxide-silicate mixtures, as occur in blue asbestos and are em-— 
ployed exter.sively now, T:e gencral principles of electrode~flux composi- 
tions are fairly well known: and in most mild=steel electrodes they usually 
consist of mixtures of mineral silicates, ferroalloys, metallic oxides, 
fluorides, and carbonates, together with organic compounds, apart from those 
used to assist extrusion in the making of electrodes, which process is 
briefly explained with the use and reactions of binding agents, The 
materi2ls should te nlentiful and reasonably cheap, so that natural mTnereS ts 
ratner than’ prepared chemicals, will be used more commonly. 


Fe 
1/ Andrews, W., Some Observations on Metallic Arc Fluxes: Engineer, London, 
vol. 169, March 8, 1940, pp. 22226, 
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Andrews then cives some description of the materials most commonly 
employed ~ nincrals., fcrvoealloys, eorronat S08, Ores, and organic products, 
Two m2 Givistons of eteatrotc ccatinzs muss be Penes eee ~ arc stabilizers 
and true fluxer, the foreee oe Gu ULtva FU Wa. fry Sluxes mas be 
divided into slag-shielécd tyres and Sasecni 2! wdel types. i creposed classi- 
fication of oe manufacivre lists tacn, with dotails of processing, 
under dipped proces wrepped process, wound oxtruded, and plain extruded. 
Then are listed the rece of flux coating to de omuloyed ~ for are stabil- 
izers, caroonates, titanium dioxide, and simiiar materials; for slaz- 
shielded types, iron oxide-silica and iron czide~siitem alloy, titaniua 
oxida-ellov, titaniwa oxids-silicmalloy, and flicrides and other chenicals: 
for gas-shielded teres, with an organic material of the c?llulose class, 
may be an iron oxide-siliconalloy, a titan‘tun oxide-alloy, or a titanium 
oxide—silicm allov, 


Andrews hopes that this classification of tyres of fluxes will be con 
sidered by the appropriate authorities and some standard be proposed that 
will reduce the very wide varicty at present available, 
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